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v A^PTTT AR PORT DEVIC1 
FIELD OF THE INVENTION 

The present invention relates to vascular devices and especially to sealing vascular 

devices. 

BACKGROUND OF THE INVENTION 
There are many medical procedures in which a tube is temporarily inserted into- or out 
of- a blood vessel. One particular example is the use of a heart-lung machine during heart 
surgery. A first cannula is inserted into the aorta to return blood after it was oxygenated by the 
heart-lung machine. One or more second cannulas are inserted into the vena cava or the right 
atria. When the heart surgery is completed, the two cannulas are removed and the holes in the 
vena cava and aorta are closed using a "purse-string" suture, in which a single thread is 
stitched to surround the hole and then pulled tight (like a purse-string) to close the hole. 
Performing this suture requires skill and practice. In addition, it may be difficult to perform the 
suturing in a key-hole procedure or in other types of surgery where there is limited access to 
the wound site. Typically, the suture is attached as soon as the cannula is inserted into the 
body. 

Another type of temporary tube insertion occurs during a failed anastomosis procedure. 
If the joining of two blood vessels fails, the point at which an opening (if any) was formed in 
one of the blood vessels, must be sutured shut, also possibly using a purse string. 

Vascular ports, for example for the introduction of a catheter into a femoral artery, are 
known. Once the procedure is completed, the port is usually removed and the hole formed by 
the port is either sutured or closed using manual pressure. These ports are generally applied 
through the skin or a small incision and remain mostly outside the body. 

SUMMARY OF THE INVENTION 
An aspect of some preferred embodiments of the invention relates to a self-sealing 
anastomotic device. In a preferred embodiment of the invention, if an anastomosis cannot or is 
not completed, the device seals any opening in the vessel to which the device is connected. In 
a preferred embodiment of the invention, the device seals the opening by forcing the lips of the 
opening against each other or against a part of the device. Alternatively, the device seals the 
opening by forcing portions of the device against each other. In some embodiments of the 
invention, the anastomosis device severs aportion of one of the vessels of the anastomosis, for 
example an "end" vessel in an end-to-side anastomosis. Alternatively or additionally, the 
device, when it seals the opening, engages a larger portion of the blood vessel to which it is 
attached, to form a seal. 

1 



10 



Alternatively to ' tegral device, the opening sealer mf^^r an element which is 
brought over an existing anastomosis device or blood vessel, to seal the opening in the device 
or the blood vessel. In one example, the element comprises a collapsing ring which 
compresses the diameter of an anastomosis device and/or a blood vessel. Possibly, the element 
also severs a portion of the blood vessel, leaving only a stub, which stub is sealed. In some 
embodiments a double seal is formed, one at the severing location and one nearer to the blood. 

In a preferred embodiment of the invention, a three configuration anastomosis device is 
provided. In a first configuration, the device is not deployed. In a second configuration, the 
device engages only one blood vessel. In a third configuration, the device either engages a 
second blood vessel or is sealed, depending on whether a second blood vessel is available 
and/or whether there is a tube or other spacer inserted in (or outside) the device when the 
device is changed from the second configuration to the third configuration. Alternatively, 
separate third and fourth configurations are provided. In the third configuration an anastomosis 
is performed in the fourth configuration the device is sealed. Preferably, the configuration to 
1 5 be used can be selected during the use of the device. 

An aspect of some preferred embodiments of the invention relates to a self-sealing 
vascular port, at least a portion of which remains in the body after the usage of the port is 
completed to seal a hole in the vessel in which the port was inserted. In a preferred 
embodiment of the invention, the hole is sealed by portions of the device which are urged 
20 against each other. Alternatively, the hole is sealed by the device urging portions of the vessel 
against each other and/or against the device. 

In a preferred embodiment of the invention, the port comprises a single element having 
both a sleeve function, to guide the insertion of objects into the port and a closure function to 
seal the hole when the port has completed its task. A valve function, for selectively allowing 
25 entry into the blood vessel may be integrated with the closure function or with the sleeve 
function, or may be a separate function. In some preferred embodiments of the invention, the 
valve can be opened by a tube pressing against it from outside the blood vessel or from inside 
the blood vessel. 

Alternatively, the port comprises at least two portions, a removable sleeve portion and 
30 a closure portion which remains adjacent the blood vessel after the sleeve is removed. 

An aspect of some preferred embodiments of the invention relates to a self-tightening 
purse-string attachment. In a preferred embodiment of the invention, the attachment is 
connected to one or more sutures which take part in a purse-string suture arrangement for 
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closing a hole. W^^i tube inside the hole is removed, t^^achinent retracts the sutures, 
pulling the purse-string arrangement shut and thereby sealing the hole. 

There is thus provided in accordance with a preferred embodiment of the invention, a 
device for sealing a hole in a blood vessel, comprising: 
5 a blood vessel engager comprising at least one spike, for engaging a portion of a blood 

vessel adjacent a hole in the blood vessel; and 

a body coupled to the blopd vessel engager, 

wherein said device has at least two configurations, a first configuration in which said 
device does not seal the hole and a second configuration to which said device can be changed, 
10 in which second configuration said device seals said hole. Preferably, said body defines a 
lumen therethrough. Preferably, said device comprises a second blood vessel engager for 
engaging a second blood vessel, such that the device can perform an anastomosis between said 
blood vessel and said second blood vessel. 

Alternatively, said lumen is adapted to receive a tube therein, which lumen closes 
15 around said tube. Preferably, said body includes a valve for performing said closing. 
Alternatively or additionally, said body is radially compressed to perform said closing. 
Alternatively or additionally, said lumen is adapted for multiple insertions and removals of 
said tube. Alternatively or additionally, said lumen self-seals after said tube is removed. 

In a preferred embodiment of the invention, said device is arranged to change 
20 configuration with less applied force, after said tube is removed. 

In a preferred embodiment of the invention, said device is arranged to form said hole in 
said vessel. Alternatively or additionally, said at least one spike is arranged to engage said 
vessel after said hole has a final diameter, which final diameter is a diameter at which one or 
more tubes will be passed through said hole. Alternatively, said at least one spike is arranged 
25 to engage said vessel before said hole has a final diameter, which final diameter is a diameter 
at which one or more tubes will be passed through said hole. Alternatively, said at least one 
spike is arranged to engage said vessel before said hole is formed. 

In a preferred embodiment of the invention, said at least one spike distorts when 
changing between said configurations. Alternatively or additionally, said configuration change 
30 comprises a distortion of said body. Alternatively or additionally, said at least one spike does 
not distort when changing between said configurations. 

In a preferred embodiment of the invention, said body comprises a ring. Alternatively, 
said body comprises a hollow cylinder. 
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In a preferred e iment of the invention, said confij^ion change comprises 
plastic distortion of at least part of the device. Alternatively or additionally, said configuration 
change comprises elastic distortion of at least part of the device. Alternatively or additionally, 
said configuration change comprises super-elastic distortion of at least part of the device. 
Alternatively or additionally, said configuration change comprises temperature-triggered 
shape-memory distortion of at least part of the device. Alternatively or additionally, in said 
second configuration, said; at least one spike urges a first portion of said blood vessel against a 
second portion of said blood vessel, to seal said hole. Preferably, said device is arranged so 
that intimas of said two blood vessels are urged against each other to form said seal, by said 
configuration change. 

In a preferred embodiment of the invention, said device is arranged so that in said 
second configuration, said at least one spike urges a first portion of said blood vessel against a 
portion of said device, to seal said hole. Alternatively, said device is arranged so that in said 
second configuration, a first portion of said device is urged against a second portion of said 
device, to seal said hole. 

In a preferred embodiment of the invention, said device is adapted to be attached to a 
side of a blood vessel. Alternatively or additionally, said device is adapted to be attached to an 
end of a blood vessel. 

In a preferred embodiment of the invention, said device is adapted to seal said hole and 
to remain in a body after a wound for accessing said device is closed. Preferably, said device 
remains at least two weeks in said body after said wound is healed. Alternatively or 
additionally, said body comprises a . detachable portion which portion is removed prior to 
closing said wound. 

In a preferred embodiment of the invention, said configuration change comprises a star 
distortion in which a circular profile of said body changes to a star profile. Alternatively or 
additionally, said configuration change comprises a rotational distortion in which a donut 
shaped body distorts around its median axis. 

In a preferred embodiment of the invention, said seal comprises a single seal. 
Alternatively, said seal comprises a double seal. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of providing a tool in a blood vessel of a patient, comprising: 

attaching a port to the blood vessel; 

using said port to access said blood vessel; 
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sealing said port; and 

leaving said sealed port attached to said blood vessel for at least two weeks, wherein 
said port is completely enclosed by flesh of the patient. Preferably, removing a tube from said 
port causes said port to seal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood by reference to the following 
description of preferred embodiments thereof in conjunction with the figures, wherein identical 
structures, elements or parts which appear in more than one figure are labeled with the same 
numeral in all the figures in which they appear, in which: 

Figs. 1A-1D illustrates a self-sealing vascular port, in accordance with a preferred 
embodiment of the invention; 

Figs. 1E-1G illustrate various sealing mechanisms, in accordance with preferred 
embodiments of the invention; 

Figs. 1H and II illustrate a port having two sets of spikes, in an open and a closed 
configuration, respectively, in accordance with a preferred embodiment of the invention; 

Figs. 1J and IK illustrate a port sealer in an open and a closed configuration, 
respectively, in accordance with a preferred embodiment of the invention; 

Figs. 1L and 1M illustrate two alternative methods of manufacturing the port sealer of 

Fig. U; 

Figs. IN and lO illustrate variations on the port sealer of Fig. 1J, in accordance with 
preferred embodiments of the invention- 
Figs. 2A and 2B illustrate a port including a pin, in which the port seals, once the pin is 
removed, in accordance with a preferred embodiment of the invention; 

Fig. 3 illustrates a port having a two layer seal, in accordance with a preferred 
embodiment of the invention; 

Fig. 4 illustrates an anastomosis connector which selectively seals or completes an 
anastomosis, in accordance with a preferred embodiment of the invention; 

Fig. 5 illustrates a two part port, comprising a sleeve and a sealing portion, in 
accordance with a preferred embodiment of the invention; 

Fig. 6 A illustrates a port sealer, which is brought over a catheter or other tool to a hole 
in a blood vessel and, when deployed, seals the hole; 

Figs. 6B and 6C illustrate the deployment of a variant of the device of Fig. 6 A; 

Fig. 6D illustrates sealing a port using a balloon, in accordance with a preferred 
embodiment of the invention; 

5 
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Fig. 7 illustrates sealer, in which the sealer cuts off^^rtion of a blood vessel 

while performing the seal; 

Figs. 8A and SB illustrates a hole sealer in which it is possible to avoid any contact 
between the sealer and the blood flow, in accordance with a preferred embodiment of the 
invention; 

Figs. 8C and 8D illustrate another hole sealer in which contact between the sealer and 
blood can be- avoided, in accordance with a preferred embodiment of the invention; 

Fig. 8E illustrates a hole sealer which is provided to an outside of a blood vessel from 
inside of the blood vessel, in accordance with a preferred embodiment of the invention; 

Fig. 9A illustrates a port sealer whose configuration is modified using one or more 
threads, in accordance with a preferred embodiment of the invention; and 

Fig. 9B schematically illustrates a thread retractor, in accordance with a preferred 

embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Figs. 1A-1D illustrate a self-sealing vascular port 100 in a vessel 102, in accordance 
with a preferred embodiment of the invention. Figs. 1A and IB illustrate a top view and a side 
cross-sectional view (respectively) of port 100, in an open configuration and Figs. 1C and ID 
illustrate port 100 in a sealed configuration. In the following figures, some changes have been 
made for clarity. For example, some of the "seals" are shown partly open, the degree of 
20 eversion is exaggerated in some figures, the length of spikes is sometimes exaggerated and the 
amount the spikes protrude from blood vessels is sometimes exaggerated. In the. exemplary 
embodiment of Fig. 1, port 100 comprises a ring 110 having a plurality of spikes 104 to 
engage vessel 102. Fig. IB shows port 100 being open and a tube 108 (dotted line) inserted in 
the opening of the port. In Fig. ID, tube 108 is removed and port 100 changes configuration to 
25 become sealed, so no blood can exit from vessel 100. In the embodiments of Fig. 1A-1D, ring 
1 10 rotates around its median axis, which axis is generally completely enclosed by the body of 
the ring, so that spikes 104, which engage vessel 102, urge portions of vessel 102 against each 
other. In this type of distortion, the ring does not move or rotate relative to the main axis 
(which is perpendicular to the blood vessel), but each circular cross-section of the ring rotates 
around the center of the cross-section. Preferably, an intima-to intima seal is achieved, 
however, this is not required in all preferred embodiments of the invention. In a preferred 
embodiment of the invention, once the port is sealed, the port remains in the body, possibly 
indefinitely. 
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isms may be utilized to cause the chH^P : 



Various mecnanisms may be utilized to cause the chS^P in configuration of port 100, 
including passive mechanisms, in which the port changes configuration by itself, active 
^ mechanisms in which the force is applied to the port and triggered mechanisms, in which a 
trigger is released by some means and the port then passively (or as a result of an outside 
5 force) distorts. 

Passive mechanisms include for example, elasticity, super-elasticity and shape memory 
mechanisms. In one example, port 100 is pre-stressed to desire to achieve the configuration of 
Fig. ID. However, as long as a tube 108 is inserted therein, this configuration cannot be 
achieved. Once the tube is removed, port 100 returns to the sealed configuration. In another 

10 example, the pressure of blood inside vessel 102 or the elasticity of vessel 102 causes 
configurational changes in port 100 (illustrated below). 

Active mechanisms include, for example, applying force to distort port 100. In one 
example, the force is applied by tube 108 during its removal. During which removal, the tube, 
if it engages the port, can, for example, plastically distort the port. In another example, the 

15 force is applied using a second device, for example a surrounding balloon (shown in Fig. 6D, 
below) which distorts the port and/or squeezes it shut. Such a surrounding balloon may form 
part of the port, such that the inflated balloon (possibly permanently inflated) maintains the 
port sealed. Alternatively the balloon may be used to plastically distort the port, after which 
distortion the balloon may be removed. Other types of forces can also be used to distort the 

20 port, including direct mechanical compression, for example using a pliers-like device. 

Triggered mechanisms, include, for example a pin, which restrains the port from 
sealing. When the pin is removed, the port passively (or actively) distorts and seals (shown in 
Fig. 2, below). Alternatively, the removal of the pin allows the port to be distorted by an 
external balloon. In the case of Fig. 2, if the port does not distort by itself, the removal of the 

25 pin does make active distortion of the port easier (e.g., requiring less force). 

As can be appreciated, various types of distortions of port 100 may be utilized, 
including the following (and combinations of the following) types of distortion: 

(a) symmetric distortions, in which a similar distortion is applied to several parts of the 
port, for example a rotation around ring 110, an example of which is shown in Fig. IN, below; 

30 (b) asymmetric distortion, for example squeezing the port from a circular shape to an 

elliptical shape; 

(c) rotational distortion, for example median-axis distortion as shown in Figs. 1A-1D 
and in Figs, in Figs. 8B and 8C; 
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(d) iris-type dist^JPi, in which the port, or at least parts ^^collapse inwards like an 

iris; 

(e) partial distortion,' in which part of port 100 distorts and part remains stable, for 
example when the spikes are not distorted but their base is, or vice versa; 

(f) various types of distortion of outlines, for example from an arc to a sine wave (Fig. 

U); 

(g) spiral distortion, for example in Fig. 2, where the "coils" of the port tighten, thereby 
reducing its inner lumen; and 

(h) varying amounts distortion, like a star distortion shown in Fig. 1M, where only 
spiked portions of the ring distort, and other portions do not (or distort less) or vice-versa, with 
at least some of the spiked portions not distorting. 

Fig. ID illustrates an embodiment where the sealing of port 100 is achieved by 
portions of vessel 102 being urged against each other. Fig. IE illustrates an alternative 
embodiment of the invention, in which port 100 includes an inner lip 112, which may be 
formed of one or more sections. When port 100 distorts, lips 112 press against each other (as 
shown in the Fig.) or against vessel 102, to form the seal of port 100. 

Fig. IF illustrates a port in which an external lip 114, formed for example of resilient 
rubber, creates a seal when an inserted tube is removed. In this example, substantially no 
distortion of port 100 is required. 

Fig. 1G illustrates a port having an internal lip 116, in which the seal of the lip is 
enhanced by the internal pressure of vessel 102. Although Fig. 1G utilizes a mechanism 
similar to that of Fig. IF, in which port 100 does not substantially distort, a same type of seal 
can be realized if port 100 distorts as in Fig. ID (or in Figs. 8C and 8D), but inwards, rather 
than outwards. In this variation, once lip 116 reaches the configuration shown in the Fig., the 
lip preferably cannot be pushed out of the blood vessel, due to a ratchet effect of the lip 
pressing against itself (or it may be formed of leaflets which press against each other) and/or 
due to a radius reduction (as in Fig. 8D) of the port, during the distortion. 

The embodiment of Fig. 1G illustrates an optional feature of some preferred 
embodiments of the invention, in which the same port can be reused for inserting a second 
tube 108 from outside the blood vessel, by pressing the tube against lips 116. Thus, port 100 
can be a single use port, for example for by-pass surgery, where, a heart-lung machine cannula 
is usually only inserted once. Alternatively, port 100 can be a multiple use port, for example 
during surgical procedures in which a plurality of catheters are inserted into or out of a blood 
vessel. Some types of ports described herein can also be used as permanent ports, such as for 
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dialysis patients, however, these ports are especially suitab 




t short-duration uses, such as 



minutes, hours, days or weeks (such as 1, 2, 3 or 5 weeks), in which the "trouble" of removing 
the port and sealing the hole can be averted by some of the embodiments described herein. 

Port 100, as described above can be designed to have only one set of spikes 104. When 
the port is distorted, all of the spikes move, as a group, to seal the port. Figs. 1H and II 
illustrates an embodiment in which a port 118 includes at least two sets of spikes: a set 104 
and a set 119, which sets move independently, with one set coming together to close the hole 
and another set 119 staying is place in moving in a different direction. A benefit of this type of 
multi-spike configuration is that the port maintains a fixed reference point relative to vessel 
102, as well as or instead of relative to the sealed hole. Also, such a multi-spike embodiment 
may be useful for de-coupling the sealing of the port from elastic and/or other tensions in 
vessel 102. Various mechanisms may be used for changing between the configurations of Figs. 
1H and II, for example, super elastic expansion of the base of the port or a balloon inflation 
mechanism such as in Fig. 6D. 

In a preferred embodiment of the invention, once the utilization of port 100 is 
completed, port 100 is sealed. In a preferred embodiment of the invention, port 100 remains in 
the body. In some cases, it may be desirable to remove port 100, however, this is generally not 
required. 

Figs. 1J and IK illustrate a port closing device 300, in accordance with a preferred 
embodiment of the invention, the device comprises a ring 304 having a plurality of spikes 302 
attached thereto. In Fig. 1J the port closer is in an expanded (open configuration). The port 
closer is advanced in this configuration until the spikes engage a blood vessel. Then, ring 304 
is distorted (as shown in Fig. IK), so that spikes 302 move towards each other and pinch 
between them portions of the blood vessel, sealing the lumen of the port closer. Ring 304 is 
preferably formed of an elastic, super elastic and/or shape memory material, so that it is pre- 
disposed to collapsing in the absence of a restraint (such as a tube 108 inside of it). However, 
as described herein, the method of collapsing can include plastic deformation of the device by 
an external force of a combination of plastic- and other types of deformation. 

Fig. 1L illustrates a method of manufacturing device 300, by cutting it out of a tube 
306, for example using a wire EDM, a laser or a water jet. Fig. 1M illustrates an alternative 
method of manufacture, in which device 300 is cut out of a sheet 308. In some embodiments, 
the device is machined after it is cut, for example to remove burs or to roughen the surface. In 
a particular example, ring 304 is machined or otherwise worked to have a circular cross- 
section rather than a rectangular one. 
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Fig. IN illustratl^^portion of a device 310 which is a vffction of device 300. The 
portion shown is a part of "ring" 304 and spikes attached thereto. Device 310 has ring 304 
replaced by a series of distortable geometric shapes (cells) 312, such as ellipses (shown) or 
parallelograms. When the shapes are distorted, for example form that of a horizontal ellipse to 
that of a vertical ellipse, the circumference of the device is reduced, bringing the spikes closer 
together. 

Fig. 10 illustrates a portion of a device 320 which is a variation of device 300, in 
which variation device 320 has ring 304 replaced by a series of arcs 312, which arcs can distort 
to have a greater curvature (and a smaller overall device circumference). 

It should be noted that although the ring (or its replacement- variations) are shown as 
having a cross-section which is substantially perpendicular to the blood vessel surface, the 
ring-cross-section can be at other angles to the vessel, for example parallel to the vessel 
surface. Further, this angle can vary along the device or as a function of the deployment 
configuration of the device. 

Figs. 2A and 2B illustrates a port 120 including a pin 122. Once pin 122 is removed, 
port 120 seals at once, or seals once an internal tube is removed, and cannot be reopened. The 
sealing is preferably achieved by urging portions of the vessel which are engaged by the spikes 
of the port, towards each other. Alternatively, other methods of sealing the port, such as by 
applying an external force, may be used. Alternatively to a pin, the triggering of the sealing of 
port 120 may be achieved using a drawstring. Possibly, a time delay mechanism is used, to 
assure that all ports seal after a time, such a time-delay mechanism can include a bio- 
absorbable pin, which, when it is sufficiently absorbed or softened by being in the body, 
allows the port to distort. 

In a preferred embodiment of the invention, port 100 includes a layer of clot inducing 
material outside the blood vessel, to induce clotting in any blood which escapes the seal. Such 
a layer may be provided as a coating on port 100. Alternatively or additionally, such a layer is 
provided during or after the deployment of port 100. Alternatively or additionally, port 100 
includes an adhesive layer, to glue the lips of the port to each other and/or to the lips of vessel 
102 at the hole that the port creates. 

Fig. 3 illustrates a port 130 having a two layer seal, for example to provide added 
security against leakage. In the example of port 130, a first seal 132 is provided by urging 
portions of vessel 102 against each other. A second seal 134 is provided by urging outer lips of 
port 130 against each other. 
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l Fig. 1A, the port includes a cird^F'c 



As illustration Fig. 1A, the port includes a cird^F'opening. However, in some 
embodiments of the invention, other shapes of openings may be useful, for example, ellipses, 
multiple holes, such as provided by a figure "8" or a key-hole cross-section and polygonal 
holes (for example triangular holes and square holes). The profile of the hole may be square, 
5 conical, hourglass or any other shape, for example by suitably forming the lips of port 100 or 
ring 110. Different port shapes are especially useful when the port is used for closing up a 
preexisting tear or other lesion of the vessel, in allowing the device to be matched to the lesion. 
In some embodiments of the invention, the inner lumen of the port is perpendicular to that of 
the blood vessel. In others, it may be parallel or at a different angle, for example less than 70°, 
10 less than 50° or less than 40°. Alternatively or additionally, the cross-section of the lumen is 
substantially the same as the outer cross-section of the port. Alternatively, the port may have a 
different shape and/or have a considerable thickness, so that the cross-sections are not the 
same. 

The lips of the port may be formed of a continuous ring. In some embodiments, the lips 

15 are formed of a plurality of overlapping or non-overlapping leaflets. The overlapping may be 
at the sides of the leaflets and/or at the tips of the leaflets. In some preferred embodiments of 
the invention, a leaflet includes one or more crevices and/or protrusions to engage other 
leaflets and aid in forming the seal. 

In a preferred embodiment of the invention, the port is formed of hard material, such as 

20 ' a metal, for example stainless steel or an NiTi alloy or a plastic. Alternatively or additionally, 
the port is formed of a soft material, such as a silicon rubber. In various preferred 
embodiments of the invention, the port, or parts thereof, exhibit elastic, super elastic, plastic 
and/or shape memory properties. In some preferred embodiments of the invention, the port is 
formed of a rigid frame which is coated with a soft layer, such as silicon rubber. The frame 

25 preferably provides the ability for the port to passively or actively distort and the silicon 
preferably provides a resilient seal and/or a pressure distributing means. 

In some preferred embodiments of the invention, the port is formed of bio-absorbable 
materials, preferably, so that after a time the port dissolves or is otherwise broken down, 
completely, or at least in part. 

30 A PCT application titled "Methods and Devices for Vascular Surgery", filed on even 

date with the instant application in the Israel receiving office of the PCT and having same 

applicants, the disclosure of which are incorporated herein by reference, describes various 

anastomotic connectors. Some of these anastomotic connectors include a mechanism for 

engaging a blood vessel, entering (or exiting) the blood vessel, and/or maintaining a hole in a 
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blood vessel. In a prefe embodiment of the invention, these l^hanisms are utilized for 
providing and/or using a self-sealing port, as described herein. 

One or more of the following issues are preferably taken into account when designing 
and/or selecting a device for sealing a port. These issues are listed in a general order 
corresponding to the steps of using such a device. 

A first issue is bringing the port to the blood vessel. In a preferred embodiment of the 
invention, a port is brought to a blood vessel using a catheter (inside the blood vessel) or an 
endoscope (from outside the blood vessel). In some cases, the port is used in a surgical 
procedure in which the access to the blood vessel is a keyhole surgical wound or a standard 
surgical wound. Preferably, the port is formed of an elastic material so that it can be radially 
and/or axially compressed during the provision of the port. 

A second issue is engaging the blood vessel by the port. In a preferred embodiment of 
the invention, the port includes spikes which, can be selectively bent (or released) when the 
port is brought into contact with the blood vessel, thereby engaging the vessel. Alternatively or 
additionally, the port may be sutured to the vessel, preferably using a minimally invasive 
technique, for example as described in PCT publication WO 98/42262, the disclosure of which 
is incorporated herein by reference. Alternatively or additionally, the engaging is integrated 
with the hole making, described below. In a preferred embodiment of the invention, the port is 
provided in a first undistorted configuration. When the port is placed against the vessel, the 
port (or part of it) is distorted, thereby allowing the spikes to engage the vessel. Sealing the 
port is preferably achieved by further distorting the port. Alternatively, in some configurations, 
if the port is distorted using a force opposite to the one which caused the distortion in the first 
place, the port seals, rather than being removed (for example utilizing a structure such as in the 
embodiments of Figs. 1H and II). In some preferred embodiments of the invention, the blood 
vessel is engaged using a suction source provided at port 100. 

Engaging the . blood vessel may be achieved by various mechanisms for folding, 
extending and bending spikes while deploying an implantable device. As described in the 
above PCT application of even date, spikes can be bent using many mechanisms, including 
elasticity, cantilevering, twisting and bending by force. 

A third issue is forming the hole in vessel 102. In a preferred embodiment of the 
invention, the hole is formed using a sharp tip or a knife, possibly provided using the same 
means as the port, and/or provided through the opening in the port. Alternatively, the port 
itself, for example in a first, distorted configuration, has a sharp tip which forms the hole. For 
example, in the embodiment of Fig. 1J, if the device is provided to the vessel in a collapsed 
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configuration with the spike tips overlapping (forming a gene^Bhape of a cone), the hole may 
be formed by expanding the device after the cone pokes into the blood vessel. Once the device 
is expanded, a tube may be placed in the hole and the device retracted and then advanced, so 
that the spikes can engage the vessel, individually. Alternatively, a device as shown in the 
above referenced PCT application of even date may be used, in which the spikes first cut the 
hole and then distort or move to engage the blood vessel. Alternatively or additionally, to 
cutting, a hole may be formed using a punch, possibly utilizing the body of port 100 as part of 
the punch, for example as the punch's anvil. 

A fourth issue is expanding a hole in vessel 102 to the desired size of the port. In some 
cases, the hole is formed at its full size. However, in other cases, the formed hole is small and 
needs to be expanded. In a preferred embodiment of the invention, the hole is expanded using 
a balloon which is inflated in the hole. Alternatively or additionally, the hole is expanded by 
causing spikes 104 which engages vessel 102 to travel away from each other, thereby 
expanding the hole. It should be appreciated that the engagement of vessel 102 may possibly 
proceed in several steps or may occur only after the hole is formed. In one example, spikes 104 
engage vessel 102 only after the hole is formed and then expanded using a balloon. A different 
set of spikes (if any) may be used for the primary engagement of the vessel, in which 
engagement the port is coupled to the vessel. 

A fifth issue is maintaining the hole in vessel 102. In some cases, for example in some 
types of passive ports, the port, if left alone, seals the port. The hole is preferably maintained 
by restraining the port from closing, for example by inserting tube 108 therethrough. 
Alternatively, the port comprises a bi-stable configuration, with the stable states being "open" 
and "closed". A bi-stable element is described in PCT publication WO 98/32412, the 
disclosure of which is incorporated herein by reference. In this PCT publication, a stent with 
two stable radii is described. A similar configuration as the stent, but including spikes at one 
end thereof (as in Fig. 2, for example) can be used to provide a port and then seal it, in 
accordance with a preferred embodiment of the invention. The spikes engage the blood vessel, 
when the port is changed to a smaller diameter stable state the spikes move towards each other 
urging the lips of the hole in the vessel against each other and sealing the hole. The above PCT 
also describes a bi-stable valve. However, unlike the valve described there, in the present 
embodiment, the bi-stable element is used to selectively reduce the radius of the entire lumen, 
for the purpose of sealing the lumen. In the PCT publication, the bi-stable element is either 
used to compresses a stent (without sealing the lumen and without causing spike-engaged 
portions of the vessel to abut) or to move a valve element against a specially formed valve. 
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In the bi-stable diment of present invention, once th^^rt is in the open state, it 
will tend to stay open, unless the port is shifted to the closed state. Alternatively to a bi-stable 
mechanism, a ratchet based mechanism may be used, either to create a "normally open" port or 
a "normally closed" port. Once the port is in one state, the ratchet latches and the port can 
change configuration only by application of a large force or by releasing the latch (for example 
a pin as described in Fig. 2). 

A sixth issue is distorting the port or parts thereof. The above PCT application of even 
date describes various mechanisms of distorting an implant, including shape-memory, 
balloons, including balloons or other distorting tools, possibly with fingers for pressing against 
particular points on the port structure, and bi-stable structures. Any of these mechanisms may 
be applied towards constructing a port in accordance with a preferred embodiment of the 
invention. It should be appreciated that different parts of the port, for example the ring and the 
spikes, or individual spikes, may be distorted in different ways and by different amounts. 
Further, a same part of the port may be distortable in more than one way. 

A seventh issue is how much of the port remains in contact with the blood flow after 
the port is sealed. As can be seen in various embodiments described herein, the contact area 
can be large, for example the entire size of the hole. Alternatively it can be small, for example 
is the hole is shrunken by the closure of the port. It can be minuscule, for example if only 
small portions of the spikes remain in the blood stream or no contact can remain, for example 
if the spikes do not penetrate to the inside of vessel 102 or if the portion which is penetrated is 
outside the seal. By suitable distortion of the port, a port may be applied from inside a blood 
vessel and then seal such that most or all of the port is outside the blood vessel. 

An eighth issue is the amount of eversion caused by the port. Two measures of 
eversion can be recognized, the angle between the everted portion and the rest of the vessel 
and the length of vessel which is everted out of the plane of the vessel surface. In various 
embodiments described herein, different degrees of both measures may be achieved; In some 
cases, for example in Aortic hole-closing, it may be desirable to minimize both measures of 
eversion. 

A ninth issue is the profile of the closed hole. The profile depends both on the eversion 
and on the shape of the port when it is sealed. In some applications, it is desirable that the port 
be as flush as possible with the vessel surface, lack and sharp edges and/or have a minimum 
effect on the inner lumen of the blood vessel. In other applications some or all of these features 
are not required. In some embodiments described herein, the port may be axially compressed 
or its protruding lips cut off or folded down, to minimize the protrusion of the device from the 
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vessel surface. Thi^further distortions may be passive, ac triggered by the collapsing of 
the device, and/or meditated by a time delay, such as by the dissolution of bio-absorbable pins 
holding the port together. 

A tenth issue relates to the relative distortion and/or motion of the spikes as compared 
to the body of the device. In some embodiments, the spikes move independently of the ring, 
for example bending and/or unfolding. In other embodiments, it is the ring that distorts with a 
possible result of movement of the spikes. In other embodiments, various combinations of the 
rings distorting and the spikes distorting may be employed. 

The above devices have been described mainly as temporary ports. However, it is 
noted that when an anastomosis is made, and fails to be completed, the effect is similar to that 
of a port. In a preferred embodiment of the invention, an anastomosis device is provided that 
self-seals if the anastomosis is not completed. Various embodiments of anastomosis devices 
are described in the above referenced PCT application of even date. 

Fig. 4 illustrates a side cross-sectional view of an anastomosis device 360 which can be 
used to selectively seal itself or complete an anastomosis. Device 360 comprises a plurality of 
spikes 362 which engage vessel 102 and a cylindrical sleeve, comprising a proximal (to the 
spikes) portion 364 and a distal portion 366. The two portions are bridged by a pivot 368. In an 
anastomosis mode of operation, an inner mandrel, such as a catheter 372 is provided in the 
lumen of port 360, adjacent to proximal portion 364. A blood vessel 374 is brought over distal 
portion 366 and then the radius of the distal portion is increased to engage the blood vessel. As 
described in the PCT application filed on even date, this increase in radius can also cause 
spikes to extend from portion 366 into vessel 374. The increase in radius can be, for example, 
by inflating a balloon inside the lumen, adjacent portion 366 or by portion 366 being having a 
resting configuration with a larger radius, which configuration is prevented from being 
achieved by a restraint, such as an outer tube 370. Once the restraint is removed, the radius of 
distal portion 366 increases and the anastomosis is completed. The cross-section of proximal 
portion 364 is preferably not affected because its shape is maintained by catheter 372. 
Therefor, in a preferred embodiment of the invention, some amount of plastic deformation is 
achieved at pivot 368. 

If an anastomosis in not desired, for example if vessel 374 fails at its other end, vessel 
374 is not provided and neither is catheter 372 (at least not to proximal portion 364). Pivot 368 
■ preferably comprises a ring which is restrained from having its radius change. Thus, when the 
radius of portion 366 is increased, pivot 368 transfers the force to portion 364, whose radius 
decreases, causing the port to seal, for example by the spike moving towards each other. 
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Preferably, the materiel^Bracteristics of pivot 368, distal portioWb6 and proximal portion 
364 are selected so that pivot 368 (and not portion 366) will plastically distort under the force 
of the expansion of portion 366. However, pivot 368 is preferably strong enough to resist 
plastic deformation at a force which is strong enough to distort the most proximal section of 
proximal portion 364, so that moving of the spikes is a preferred occurrence to plastic 
distortion at the pivot. 

Fig. 5 illustrates a two part port 200, comprising a short sleeve 204 and a sealing 
portion 202. During operation of the port, a tube (not shown) can be brought into (or out of) 
blood vessel 102 through sleeve 204. When the usage of port 200 is completed, sleeve 204 is 
removed and sealing portion 202 is closed (actively, passively or triggered), thus sealing the 
hole is vessel 102. Optionally, a valve portion 206 is provided, to prevent the loss of blood 
when there is no tube in vessel 102. Preferably, sealing portion 202 remains in vessel 102 after 
the procedure is completed. 

Fig. 6 A illustrates a port sealer 210, which is brought over a catheter or other tool to a 
hole in a blood vessel and, when deployed, seals the hole. As used herein the term "deployed- 
means that the device is attached and activated so that it performs at least one of its functions. 
In the example of Fig. 6, port sealer 210 comprises a ring portion 212 and a plurality of spikes 
214. It should be noted that many devices described herein may be used alternatively as ports 
or as hole closures. In some embodiments, a port may be brought over a catheter to close an 
existing hole. Generally, the distinction between ports and hole closures is one of 
specialization: a hole closed can be more, easily provided over a catheter and may be more 
difficult to work through. In addition, devices which include additional functions, such as 
valves may be limited to only one use. In a preferred embodiment of the invention, sealer 210 
is brought over a catheter 216 towards vessel 102. Spikes 214 engage vessel 102. The catheter 
is preferably retracted at least out of the lumen of the blood vessel. Sealer 210 (or ring 212 
thereof) is then (or at the same time) distorted, bringing spikes 214 towards the center of the 
hole and sealing the hole (once catheter 2 1 6 is removed). 

As shown in Fig. 6A, the outer diameter of sealer 210 is substantially greater than that 
of catheter 216. In a preferred embodiment of the invention, a sealer having a substantially 
same diameter as the catheter is provided. In one preferred embodiment of the inventions, 
spikes 214 are formed to desire elastically to touch or cross each other. Spikes 214 are forced 
apart enough so that they fit over the diameter of catheter 216. Once the spikes engage vessels 
102, catheter 216 is removed and the spikes fold in to seal the hole. In another embodiment of 
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the invention, spikes 214 are folded in by an action of inflS^' a balloon in (or releasing a 
restraint) on ring 212. 

Fig. 6B illustrates a variant of device 210, mounted on catheter 216. In the variant 
shown, an outer sleeve 217 is provided around ring 212 and an optional balloon 218. In Fig. 
6C, device 210 is advanced so that spikes 214 engage the blood vessel. After catheter 216 is 
removed, device 210 may be collapsed, for example by super-elasticity of the device. 

Fig. 6D illustrates a method of collapsing using a balloon, in which balloon 218 is 
inflated against sleeve 217, thereby compressing at least part of ring 212 and causing spikes 
214 to move together and seal the hole. In a preferred embodiment of the invention, the part of 
ring 212 (actually a sleeve) which is further from the blood vessel is made more rigid so that 
the collapsing of the ring is more pronounced nearer the vessel. Alternatively or additionally, 
ring 212 may be manufactured to selectively rigid and ductile at different axial locations 
thereof, preferably so that parts of the ring along the same axial line as spikes will distort 
more, concentrating the effect on the spikes. Alternatively or additionally, a portion 219 of the 
ring, preferably at its far end, is made substantially rigid, so that it can act as a pivot for urging 
the spikes together. As a result, the axial length of ring 210 is preferably reduced. Alternatively 
or additionally, by allowing different relative radial compression along the ring, balloon 218 
better engages device 210 and is less likely to slip off during the inflation. 

The embodiment of Fig. 6 is an example where a combination of elastic and plastic 
distortion may be useful. Elastic (passive) distortion to close the hole to substantially eliminate 
any blood leaking after catheter 216 is removed, for example by the base of the ring 
collapsing; and a further sealing of the hole by plastic distortion of more distal portions of the 
rings, to ensure a complete seal. 

With reference to portion 219 it is noted that portion 219 can serve as a pivot (as in Fig. 
4) for a different type of lever, one in which the distal (from the spikes) end of device 210 
expands and portion 219 pivots the expansion to urge the spikes together. In one example, 
portion 219 is between the spikes and the end of the ring and a balloon is inflated inside the 
end of the ring, rather than outside of it. In another example, the end of the ring may be 
restrained from resuming an expanded position by sleeve 217. Once the sleeve is removed, the 
distal end of the ring expands and causes the spikes to collapse towards each other. 

In some embodiments of the invention, portion 219 (or pivot 368 of Fig. 4) may be 
provided as a movable element, being part of the port or being provided as an external 
restraint. Thus, by selectively locating the pivot and the location at which force is applied to 

the device, various configurational changes may be achieved. 
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onally, sealer 210 utilizes a double at 




mechanism.. The sealer 



is provided at a diameter similar to that of catheter 216. A first activation of the sealer causes 
spikes 214 to extend outwards, as shown in Fig. 6A. A second activation of the sealer causes 
the spikes to move towards each other. These activations can be by passive, active and/or 
triggered distortion mechanisms. As can be appreciated, in some embodiments of the 
invention, ring 212 is not required to be a complete ring. For example, ring 212 can formed of 
a plurality of abutting parallelograms. 

Fig. 7 illustrates a port sealer 220 in which the sealer cuts off a portion of a blood 
vessel (or graft, electrode, wire or other tube) 224 which is connected to vessel 102. In the 
example of Fig. 7, an iris cutter 222 pinches, cuts and/or seals vessel 224. Possibly two sets of 
irises 222 are provided, one to seal and one to cut off. This type of seal (and the one of Fig. 6) 
is especially suitable for correcting a failed anastomosis. Possibly, the application of pressure 
using a balloon, as in Fig. 6D, is performed only if necessary (i.e., a leak). Additionally, such a 
port (or suitable variations of the ports described herein) may be used for vessel ends, for 
example during certain types of bypass procedures using mammary arteries. In a particular 
embodiment, iris 222 comprises a plurality of hard leaves which lay flat against the inner 
surface of the lumen of the port. When an inner restraint is removed, these leaves fold inwards, 
sealing the enclosed blood vessel and/or severing it. This type of mechanism, as well as others 
described herein, can also be used to seal an end of a blood vessel, rather than a side thereof. 

Figs. 8A-8B illustrates a hole sealer 230 in which the sealer is not in the same plane of 
the surface of the blood vessel and in which it is possible to avoid any contact between the 
sealer and the blood flow. Fig. 8A illustrates sealer 230 in an open configuration, in which 
vessel 102 is engaged by a plurality of spikes 234. Fig. 8B illustrates sealer 230 in a closed 
configuration, in which a pressure ring (or members) 232 pinch vessel 102 forming a seal, so 
that there is no contact between the blood flow and sealer 230. 

Figs. 8C and 8D illustrate a port sealing device 350 suitable for closing a hole without 
any contact with the blood flow. Device 350 comprises a ring 352, preferably a torus, having 
thereon a plurality of spikes 354. One or more protrusions 356 are preferably formed on the 
ring and are preferably engaged by a holder 358 with a track that preferably matches the 



When holder 358 is retracted, ring 352 distorts (preferably elastically, super elastically 
or based on a shape memory) around its median axis, as shown in Fig. 8D, so that spikes 354 
engages the vessel and urge it closed. Alternatively or additionally, ring 352 may collapse or 
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otherwise distort so mat it has a reduced radius or at least to^Hree the spikes to move towards 
each other. 

In a preferred embodiment of the invention, device 350 acts as a fail safe for vascular 
surgery. If holder 358 is disturbed or otherwise slips off of protrusions 356, the device seals 

5 the hole in the blood vessel, the hole can be reopened using a suitable tool which distorts the 
configuration of Fig. 8D back to the configuration of Fig. 8C. In a preferred embodiment of 
the invention, a second plurality of spikes 353 is provided which spikes engage the vessel, so 
that device 350 will stay attached to the vessel rather than to the holder, of the holder moves. 

In a preferred embodiment of the invention, a port device is attached to a blood vessel 

10 from inside the blood vessel. For example, if device 350 is super-elastic, it can be radially 
compressed so that it can be provided through the hole, while maintaining it in the 
configuration of Fig. 8C, by engaging protrusions 356. Fig. 8E shows such a deployment of a 
device 400. In a preferred embodiment of the invention, device 400 is pushed out of the blood 
vessel while being maintained in a compressed configuration, so that it fits through the hole. 

15 This can be achieved by providing it through a catheter (not shown). Once the device is 
outside the blood vessel, a balloon 408 is inflated so that it engages a plurality of protrusions 
406 (similar in function to protrusions 356), to prevent the device from closing the hole. 
Alternatively, a tube may be passed through the lumen of device 400 to provide a working 
channel and this tube may include indentations, protrusions, an inflatable cuff or other means 

20 to engage the protrusions. Balloon 408 can also be used to force device 400 against the blood 
vessel so that spikes 404 (or other spikes, not shown) engage the blood vessel, when the 
balloon is deflated, the device distorts and the hole closes. The balloon, in its deflated state is 
preferably pulled out through the hole. 

Fig. 9A illustrates a port 380, which is distorted using threads. Device 380 has a 

25 plurality of spikes 382 arranged on a ring 384. In addition, a plurality of anchors (for threads) 
386 are provided, for example holes. During deployment, spikes 382 are bent forward (into the 
figure plane) to engage a blood vessel. Possibly, this bending is achieved by folding the 
anchors 386 up out of the figure plane. This distortion may be plastic or elastic. A loop of 
thread is preferably threaded through each one of anchors 386. When sealing the port, the 

30 loops are all pulled towards the center of the device, for example if the other side of the loop is 
threaded through a ring 388 (not part of the port). Thus, the port collapses and becomes sealed. 

Fig. 9B schematically illustrates a thread retractor 390, in accordance with a preferred 
embodiment of the invention. A first thread from a purse string stitch is attached to an anchor 
392. A second thread is attached to an anchor 394, which is at the end of a retractor 396, for 
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example a spiral spring'Uhown. When the purse-string stitch ^^rformed, device 390 is 
preferably connected to the ends of the threads, either near the stitch, for example inside the 
body or further away, such as outside the body. Thus, various sizes of device 390 may be used. 
If a tube is inadvertently removed from the purse string, retractor 396 is able to pull the thread 
and close the hole, preventing sever blood loss. Preferably, the tension in the retractor is 
selected to be large enough to pull the purse-string closed but not so large that it damages the 
vessel at the points where the thread is connected. Preferably, anchor 392 and/or anchor 394 is 
a ratchet anchor, which allow the movement of thread only in one direction, so that threading 
the anchors is easier. 

The above description has focused on temporary ports and anastomosis devices. 
However, it should be noted that the same or similar devices can be used for sealing holes 
and/or making other repairs in blood vessels. Such a sealer can be provided over a catheter 
which is inserted into a hole. The catheter preferably comprises inflatable cuffs which can be 
used to block blood flow from the damaged area while the sealing is being performed. 

Additionally, the above devices can be used for inserting a small diameter wire or tube 
into and/or out of a blood vessel. Typically, a relatively large diameter catheter is required for 
guiding the wire to its destination. In some cases, the wire may have a larger tip, for example a 
sensor or a pacing electrode. In a preferred embodiment of the invention, the wire and catheter 
are provided through a port as described herein. When the catheter is retracted the port is 
sealed, on the wire. Preferably, the seal is also utilized to stabilize the position and/or rotation 
of the wire. 

A different use for passing a wire through a seal of the port is to ease the reopening of 
the port. As indicated above, some types of ports can be opened after they are sealed. In a 
preferred embodiment of the invention, the wire is coupled to the port. When it is desired to 
open the port, a catheter is guided over the wire to the port. Preferably, a greater contra-force 
on the port can be generated by pulling on the wire while advancing the catheter. Thus, there is 
also less danger of applying force against a part of vessel 102 opposite the port. If the wire 
passes through the seal, in a preferred embodiment of the invention, the catheter is advanced 
along the wire until it passes through the port. Alternatively or additionally, pulling on the 
wire distorts the port so that it opens, is easier to open or is able to be opened, from the force 
of the catheter against it. In some embodiments, the wire is attached to the portion of the port 

which is outside the blood vessel. 

It should be appreciated that many of the structures described herein may also be 
applied to other invasive and/or implantable devices, beyond those used for anastomosis, 
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especially such devices which are inflatable, expandable and^therwise deployed. However, 
as will be appreciated, that some of the above described structures solve particular problems of 
port sealing, for example functioning as a port and sealing a hole in a blood vessel. 

It will be appreciated that the above described methods of applying a vascular port and 
sealing a hole may be varied in many ways, including, changing the order of steps and the 
methods of distortion used. In addition, a multiplicity of various features, both of method and 
of devices have been described. It should be appreciated that different features may be 
combined in different ways. In particular, not all the features shown above in a particular 
embodiment are necessary in every similar preferred embodiment of the invention. Further, 
combinations of the above features are also considered to be within the scope of some 
preferred embodiments of the invention. Also within the scope of the invention are surgical 
kits which include sets of medical devices suitable for making a single or a small number of 
ports or sealing holes of various sizes. When used in the following claims, the terms 
"comprises", "includes", "have " and their conjugates mean "including but not limited to". 

It will be appreciated by a person skilled in the art that the present invention is not 
limited by what has thus far been described. Rather, the scope of the present invention is 
limited only by the following claims. 
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CLAIMS 

1 . A device for sealing a hole in a blood vessel, comprising: 

a blood vessel engager comprising at least one spike, for engaging a portion of a blood 
vessel adj acent a hole in the blood vessel; and 

a body coupled to the blood vessel engager, 

wherein said device has at least two configurations, a first configuration in which said 
device does not seal the hole and a second configuration to which said device can be changed, 
3 in which second configuration said device seals said hole. 

2. A device according to claim 1 , wherein said body defines a lumen therethrough. 

3. A device according to claim 2, wherein said device comprises a second blood vessel 
5 engager for engaging a second blood vessel, such that the device can perform an anastomosis 

between said blood vessel and said second blood vessel. 

4. A device according to claim 2, wherein said lumen is adapted to receive a tube therein, 
which lumen closes around said tube. 

20 

5. A device according to claim 4, wherein said body includes a valve for performing said 
closing. 

6. A device according to claim 4, wherein said body is radially compressed to perform 

25 said closing. 

7. A device according to claim 4, wherein said lumen is adapted for multiple insertions 
and removals of said tube. 



30 8. A 
removed. 



device according to claim 4, wherein said lumen self-seals after said tube is 



9. A device according to claim 4, wherein said device is arranged to change configuration 

with less applied force, after said tube is removed. 
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10. A device according to any of claims 1-9, wherein said device is arranged to form said 
hole in said vessel. 

11. A device according to any of claims 1-9, wherein said at least one spike is arranged to 
engage said vessel after said hole has a final diameter, which final diameter is a diameter at 
which one or more tubes will be passed through said hole. 

12. A device according to any of claims 1-9, wherein said at least one spike is arranged to 
engage said vessel before said hole has a final diameter, which final diameter is a diameter at 
which one or more tubes will be passed through said hole. 

13. A device according to any of claims 1-9, wherein said at least one spike is arranged to 
engage said vessel before said hole is formed. 

14. A device according to any of claims 1-9, wherein said configuration change comprises 
a distortion of said body. 

15. A device according to any of claims 1-9, wherein said configuration change comprises 
a distortion of said at least one spike. 

16. A device according to claim 14, wherein said at least one spike does not distort when 
changing between said configurations. 

17. A device according to any of claims 1-9, wherein said body comprises a ring. 

18. A device according to any of claims 1-9, wherein said body comprises a hollow 
cylinder. 

19. A device according to any of claims 1-9, wherein said configuration change comprises 
plastic distortion of at least part of the device. 

20. A device according to any of claims 1-9, wherein said configuration change comprises 
elastic distortion of at least part of the device. 
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21. A device according to any of claims 1-9, wherein said configuration change comprises 
super-elastic distortion of at least part of the device. 

22. A device according to any of claims 1-9, wherein said configuration change comprises 
temperature-triggered shape-memory distortion of at least part of the device. 

23. A device according to any of claims 1-9, wherein in said second configuration, said at 
least one spike urges a first portion of said blood vessel against a second portion of said blood 
vessel, to seal said hole. 

24. A device according to claim 23, wherein said device is arranged so that intimas of said 
two blood vessels are urged against each other to form said seal, by said configuration change. 

25. A device according to any of claims 1-9, wherein said device is arranged so that in said 
second configuration, said at least one spike urges a first portion of said blood vessel against a 
portion of said device, to seal said hole. 

26. A device according to any of claims 1-9, wherein said device is arranged so that in said 
second configuration, a first portion of said device is urged against a second portion of said 
device, to seal said hole. 

27. A device according to any of claims 1-9, wherein said device is adapted to be attached 
to a side of a blood vessel. 

28. A device according to any of claims 1-9, wherein said device is adapted to be attached 
to an end of a blood vessel. 

29. A device according to any of claims 1-9, wherein said device is adapted to seal said 
hole and to remain in a body after a wound for accessing said device is closed. 

30. A device according to claim 29, wherein said , wherein said device remains at least two 
weeks in said body after said wound is healed. 
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31. A device according to claim 29, wherein said body comprises a detachable portion 
which portion is removed prior to closing said wound. 

32. A device according to any of claims 1-9, wherein said configuration change comprises 
a star distoi"tion in which a circular profile of said body changes to a star profile. 

33. A device according to any of claims 1-9, wherein said configuration change comprises 
a rotational distortion in which a donut shaped body distorts around its median axis. 

34. A device according to any of claims 1-9, wherein said seal comprises a single seal. 

35. A device according to any of claims 1-9, wherein said seal comprises a double seal. 

36. A method of providing a tool in a blood vessel of a patient, comprising: 
attaching a port to the blood vessel; 

using said port to access said blood vessel; 
sealing said port; and 

leaving said sealed port attached to said blood vessel for at least two weeks, wherein 
said port is completely enclosed by flesh of the patient. 

37. A method according to claim 36, wherein removing a tube from said port causes said 
port to seal. 
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ABSTRACT OF THE INVENTION 

A device for sealing a hole in a blood vessel, comprising: 

a blood vessel engager comprising at least one spike, for engaging a portion of a blood 
vessel adjacent a hole in the blood vessel; and 

a body coupled to the blood vessel engager, 

wherein said device has at least two configurations, a first configuration in which said 
device does not seal the hole and a second configuration to which said device can be changed, 
in which second configuration said device seals said hole. 
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the occlusion, and a s^ppr a stent/graft is placed within the el. In another method, a 
conveniently located vein or graft is attached to the occluded vessel and two side-to-side 
anastomosis are created between the occluded vessel and the vein or graft. The distal and 
proximal portions of the vein are closed in one of a variety of manners. The connection 
5 between the vein and the artery may be made by welding the two blood vessels, or by using 
one of a variety of connectors that are suggested. One of the disclosed connectors comprises 
two springs separated by a short segment of a possibly unstented graft. The springs, have the 
form of an inverted funnel, so that the two blood vessels are urged together. Where there is a 
spacing between the blood vessels, various techniques and/or devices are suggested for 

10 stopping the surrounding tissue from compressing the connection between the vein and the 
artery. One of the purposes of the various types of connectors is to maintain the two blood 
vessels near each-other, either in contact or compressing tissue between them, presumably so 
no blood will leak from the connection between the connector and the blood vessels. 

In a TIPS procedure, a stent is placed into a passage percutaneous ly forced, opened or 

15 excavated between a portal vein and a hepatic vein. As in some of the embodiments described 
in the previous paragraph, the relative location of the blood vessels is maintained by the 
existence of relatively solid tissue surrounding and between the two blood vessels. Thus, there 
is no requirement that each of the connections between an end of the connector and the 
respective blood vessel to which it is attached, be, of itself, leak-proof. 

20 In WWW publication M ht1p://me210abc.stanford.eduy94-95/projects/Pfizer/Spring/ 

l.html" (May 1998), the disclosure of which is incorporated herein by reference, a method is 
described for reducing the complexity of performing a bypass surgery. In this method, a graft 
is percutaneously brought to the aorta and pushed out of an incision in the aorta near a site of a 
bypass surgery. A keyhole opening is made in the chest to bring a tool to suture or staple the 

25 graft to the aorta and to the coronary which is to be bypassed. 

Hinchliffe in US patent 5,833,698, the disclosure of which is incorporated herein by 
reference, describes a multi-pin anastomosis connector, with or without a ring interconnecting 
the pins. Also described is a device, for attaching a graft end to a slit formed in a side blood 
vessel. 

30 Rygaard in US patent 5,797,934, the disclosure of which is incorporated herein by 

reference, describes an end-to side anastomosis device that uses a balloon inside the side artery 
to evert the lips of an opening in the side artery. The described anastomosis device, which is 
provided from outside the artery, includes releasable spikes which nail the vessels together. 
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Popov in patent 5,702,412, the disclosure oi^^tch is incorporated herein by 
reference, describes a cork-screw like head which is used to grasp a part of side artery to be 
* punched out. Popov also describes using external clipping devices to apply clips at the 
circumference of the anastomosis. 
5 Kaster in US patent 4,366,819, the disclosure of which is incorporated herein by 

reference, describes a two part anastomotic device for end-to-side anastomosis, using an inner 
flange and an outer flange. When the flanges are closed an intima-to-intima contact and/or an 
everted graft can be formed. 

PCX publication WO 98/38922, the disclosure of which is incorporated herein by 
10 reference, describes an anastomosis device formed of a flexible cord which can be formed into 
a loop and which has small spikes formed on it to grasp the blood vessels. Spikes can be bent 
back using an anvil inside the blood vessel. This device is also described as being used for 
end-to-end anastomosis. 

PCT publication WO 98/42262, the disclosure of which is incorporated herein by 
15 reference, describes an anastomosis device that uses a plurality of needles preloaded with 
sutures. 

Gillford in US patent 5,817,113, the disclosure of which is incorporated herein by 
reference, describes various types of anastomosis devices including devices with bending 
spikes, with or without a ring (inner or outer). In some of the described devices the spikes are 
20 bent twice, each time by about 90 degrees. Another described device uses a ring which is 
transfixed by a plurality of hooked wires. These wires hook the "side" vessel, while the ring is 
connected to an "end" of a graft. When the wires are pulled, the anastomosis is closed. 

Kaster in US patent 5,234,447, the disclosure of which is incorporated herein by 
reference, describes an anastomosis device including a ring with long spikes on either side of 
25 the ring. 

Snow in US patent 5,797,933, the disclosure of which is incorporated herein by 
reference, describes an anastomosis device formed of a thin wire ring with spikes extended to 
one side of the ring. The ring is somewhat compressed by its having a wave profile. During 
deployment, the ring is straightened, increasing its radius. 
30 Kim in US patents 5,676,670 and 5,797,920, the disclosures of which are incorporated 

herein by reference, describe an anastomosis system in which a probe is inserted into a side of 
a blood vessel. The head of the probe is expanded to allow a mesh shaped anastomosis device 
to be brought into the vessel. The head is then further expanded to flatten the mesh against the 
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inside of the blood ves he anastomosis is completed by app^JI a glue on the outside of 
the anastomosis. 

WO 98/38941, WO 98/38942 and WO 98/3S939, the, disclosures of which are 
incorporated herein by reference, described ideas for performing transvascular bypass 
5 procedures. In one application a graft is connected from an aorta to an portion of an artery 
distal to its occlusion. In another, such a graft is connected from one of the vessels exiting the 
aorta. In another, a bypass is created by tunneling through the heart tissue. . .. 

SUMMARY OF THE INVENTION 
One object of some preferred embodiments of the invention is to provide anastomosis 
10 connectors, especially suitable for minimally invasive surgery. 

An object of some preferred embodiments of the invention is to provide a minimally 
invasive method of bypassing occluded blood vessels, preferably without sacrificing a nearby 
artery or vein. Typically, a graft is attached between a first blood vessel and a second blood 
vessel. In some cases, the graft itself is a blood vessel. 
15 An aspect of some preferred embodiments of the invention relates to anastomotic 

devices that shrink axially as they expand radially. In a preferred embodiment of the invention, 
the axial shrinkage and the radial expansion cooperate to perform the anastomosis. 

An aspect of some preferred embodiments of the inventions relates to anastomotic 
devices that extend spikes perpendicularly to a surface of a device and/or bend such spikes, 
20 while the device is being deployed. In a preferred embodiment of the invention, the spike 
extension is timed so that the spikes engage both the participating blood vessels. Alternatively 
or additionally, at least some of the spikes engage only one of the blood vessels. However the 
extension is timed so the spikes engage the vessel at a desired portion thereof. 

An aspect of some preferred embodiments of the invention relates to anastomotic 
25 devices that exhibit step-type behavior in which configuration changes from one configuration 
to another are sudden, rather than gradual. In a preferred embodiment of the invention, this 
step-type behavior is used to extend spikes which transfix blood vessels at a desired location 
relative to the anastomosis location and/or at a desired timing relative to the anastomosis 
process. 

30 An aspect of some preferred embodiments of the invention relates to an anastomotic 

connector including a cylindrical body and one or more sets of spikes. In a preferred 
embodiment of the invention, the cylindrical body defines aperture therein, so that tissue on 
either side of the anastomotic connector can benefit from a significant amount of contact 
through the connector. The spikes are bent to engage the two blood vessels. In some cases, one 
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set of spikes is be^Rtside the body and one set of spikes nt inside the body. In another 
embodiment, both sets of spikes are bent or otherwise deformed inside the body. In still other 
embodiments all the spikes are deformed only outside the body. When the cylinder is 
expanded, the two blood vessels are brought into contact by the expansion, preferably 
forcefully, so that a better anastomosis results. 

In a preferred embodiment of the invention, the cylinder comprises an array of 
parallelograms. Alternatively or additionally, the cylinder comprises a, solid surface with slits 
cut therethrough, perpendicular and/or parallel to the axis of the cylinder. In a preferred 
embodiment of the invention, the coupling between the two axes (radial and axial) is meditated 
by the shape and/or other parameters of the parallelograms. 

In a preferred embodiment of the invention, the coupling between the two axes is 
dependent on the radius. In one example, when the device is in a radially shrunk configuration, 
a small radial expansion will produce a large axial shrink. When the device is in a radially 
expanded configuration, a small additional expansion will only cause a small additional axial 
shrinkage. Alternatively, other relationships between shrinkage/expansion of the two axes may 
be used. The type of relationship may be modified by changing the shape and/or aspect ratio of 
some or all of the parallelograms. In a preferred embodiment of the invention, the relationship 
and/or elastic properties and/or other properties of the connector are selected for a particular 
vessel size being connected. 

In a preferred embodiment of the invention, an anastomosis that is suspected of leaking 
may be repaired by radially expanding a connector of the anastomosis by a small amount, 
thereby causing axial shrinkage and a stronger contact between the two blood vessels. 
Alternatively, a T-shaped stent may be attached over the anastomosis connector to repair the 
leak. 

Alternatively, in some preferred embodiments of the invention, the radial expansion 
may be decoupled from the axial shrinkage, at least for some ranges of radial expansion. 

In a preferred embodiment of the invention, the anastomosis connector comprises an 
elastic material. Alternatively or additionally, the connector comprises a plastic material. In 
one example, in which spikes are plastically bent to engage the blood vessels, the cylinder 
comprises a super elastic, elastic or shape-memory material having an expanded resting 
position. 

In a preferred embodiment of the invention, the connector comprises steel and/or other 
non-absorbable materials. Alternatively or additionally, the connector comprises bio- 
absorbable materials, so that after a period of time, no foreign materials will remain in the 
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body. In one preferred^^pdiment of the invention, at least the s and/or other portions of 
the connector which are in contact with the blood are formed of a bio-absorbable material. 
Preferably, the bio-absorbable material is molded and/or crimped on non-bio-absorbable 
materials. Examples of possible bio-absorbable materials include poly-l-lactid-acid and poly- 
glycolid-acid, which can both be formed with elastic properties. 

In a preferred embodiment of the invention, a connector having a similar type of 
coupling between radial expansion and axial contraction is used to attach two blood vessels 
with end-to-end or end-to-side anastomotic connections. Alternatively or additionally, a device 
with a similar configuration may be used to secure a valve in a blood vessel, such as the aorta 
or a vein. When the device is inflated, the spikes dig into the blood vessel to hold the valve in 
place. In these types of connection, axial compression is preferably minimal or non-existent. 
The device itself may be inserted over an existing valve, whereby the spikes and/or the 
cylindrical body may be used to compress the old valve against the walls of the blood vessel. 
Alternatively, the old valve may be cut out, in part or in full using a suitable catheter. In a 
preferred embodiment of the invention, the valve is inserted while the heart is pumping. The 
valve is preferably a soft leaflet valve. 

In a preferred embodiment of the invention, the anastomosis connector is used for 
externally performed anastomotic connections, preferably keyhole surgery, instead of for an 
anastomosis performed from inside the blood vessel. In a preferred embodiment of the 
invention, two blood vessel ends are inserted into or over an anastomosis device while the 
device is in a compressed condition. The device is then inflated. Preferably the device 
comprises an elastic shape-memory or a super-elastic material so that it may be expanded by 
releasing a constraining ring or holder. 

An aspect of some preferred embodiments of the invention relates to simultaneously 
attaching two blood vessels and increasing the size of a passageway between them. Preferably, 
such expansion is made possible using an inflatable balloon. Alternatively, a different type of 
expanding framework may be used, for example, a super-elastic, elastic or shape-memory 
framework which expands when a constraint is removed or a hinged construction in which 
pulling a wire causes the construction to increase at least one dimension thereof. 

An aspect of some preferred embodiments of the invention relates to a clotting control 
coatings on an implantable device, for example anastomotic connectors, blood vessel patches, 
staples, threads and grafts (on their outside). In a preferred embodiment of the invention, the 
anastomotic device includes one or more of the following three types of portions; (a) a contact 
portion which is in contact with the blood stream; (b) a layered portion which is sandwiched 
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between the two p^Pfpating blood vessels; and (c) an outs^portion which is outside both 
the blood vessels. In a preferred embodiment of the invention, a clot retarding material is 
coated on the contact portion of the anastomosis device. Alternatively or additionally, a clot 
enhancing material is coated on the layered and/or outside portions of the device. Alternatively 
or additionally, tissue growth enhancing hormones are coated on the layered and/or outside 
portions of the device. In some preferred embodiments of the invention, even though the 
anastomotic device is provided through a-blood vessel, once it is deployed, it is in minimal or. 
no contact with the blood flow. Preferably, less than 70%, 80%, 90% or even 98% of the 
surface of the anastomotic device is out of contact with the blood flow. This selective coating 
logic of an anastomosis device may also be applied to other implantable devices. Often, in 
implantable devices, one part of the device is in contact with blood and one is not. the side that 
is not in contact with blood is preferably treated to coagulate any blood it may come in contact 
with (for example as a result of a failure of the anastomosis device). Alternatively or 
additionally, the implant may be coated with a fibrosis inducing coating, for example a graft 
thus coated will better adhere to adjacent body structures. A surgical staple may have its tines 
coated with one material and its base with another. A thread may be coated in part with an 
anti-coagulation coating, for example during insertion into a blood vessel, and in part with a 
coagulation enhancing coating (for example a coating embedded in the thread or applied when 
the thread exits the blood vessel. Such coatings can be applied by a needle guiding element 
which is used in some anastomotic methods of the art. 

An aspect of some preferred embodiments of the invention relates to an anastomotic 
connector which is partly super elastic, elastic and/or shape-memory and partly not. In a 
preferred embodiment of the invention, the connector is formed of a single material, which is 
then annealed at portions thereof to make those portions non super-elastic. Alternatively, a 
device is created from sintered material. The sintered material may have varying 
concentrations of constituent powered metals in different parts of the mold. In a preferred 
embodiment of the invention, the mold is for a tube and the tube is then cut, for example using 
a laser or using a water jet. In a preferred embodiment of the invention, the variations in 
material composition are radial and/or axial. 

An aspect of some preferred embodiments of the invention relates to expandable 
anastomotic devices. In a preferred embodiment of the invention, the device can be radially 
and/or axially compressed so that it can be fit inside a blood vessel and/or a small aperture in a 
blood vessel. In some cases the device is provided through a patent blood vessel. In others, the 
device is provided from outside the a blood vessel to which it is later connected. In some 
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cases, the graft and/or ; onnector are provided through the ^^JP vessel, exposed to the 
blood flow. In a preferred embodiment of the invention, at least one of the anastomosis 
connectors has a shape which can be changed. This can make it easier to guide such a graft 
through a catheter and/or endoscope lumen. Preferably, the graft maintains a radially 

5 compressed configuration due to the radial compression of anastomotic connectors attached to 
the graft. Alternatively or additionally, the connectors are maintained radially compressed by 
an internal guide wire which restrains them from. expanding. Alternatively or additionally, the 
comiectors are plastically deformable. Preferably, the shape changing comprises radial shape 
changing, preferably expansion. Alternatively or additionally, especially where the connector 

10 is connected to the graft at a "side" side of the anastomosis, the connector is preferably 
compressed in a radial direction, so that in its compressed shape at least one radii thereof fits 
in a desired lumen diameter. 

In a preferred embodiment of the invention, a blood vessel graft is brought through the 
vasculature to a location on a blood vessel and an independent and patent anastomosis between 

15 the graft and the blood vessel is formed. By "independent" it is meant that the anastomosis 
location does not leak, regardless of whether or not the other end is connected. In a preferred 
embodiment of the invention, the anastomosis is an end-to-side anastomosis, preferably the 
end being an end of the graft. Alternatively, the anastomosis is an end-to-end, side to side or 
oblique anastomosis. In a preferred embodiment of the invention, the blood vessel is an Aorta. 

20 Alternatively or additionally, the graft is a xenograft or formed of an artificial material. 

In a preferred embodiment of the invention, the other end of the graft is also attached, 
via at least one additional anastomosis to a second blood vessel, preferably other than the first 
blood vessel. In a preferred embodiment of the invention, the graft is connected to a plurality 
of blood vessels, preferably using a plurality of side-to side anastomosis connections along its 

25 length. Alternatively or additionally, the graft is forked or otherwise has more than two ends 
each of which is preferably attached to different blood vessels or different positions on the 
same blood vessel. 

Some features of preferred embodiments of the present invention relate to the first 
anastomosis connection (to the first vessel), while other features relate to the second 
30 anastomosis connection (to the second vessel). Many of the features can be applied to either or 
both of the connections. 

An aspect of some preferred embodiments of the invention relates to a graft having 
attached thereto at least three independent anastomosis connectors. Preferably, at least one of 
the connectors is attached at an end of the graft. Alternatively or additionally, at least one of 



the connectors is JBR-to-side or side-to-end connector wl he graft is a "side" element in 
the anastomosis. 

In a preferred embodiment of the invention, at least one of the anastomotic connectors 
comprises an everting connector, such that at least one side of the anastomosis, e.g., the graft, 
is everted over the connector. In some cases, both sides of the anastomosis are at least partially 
everted with the aid of the anastomotic connector. 

In a preferred embodiment of the invention, these second anastomosis connections are 
performed percutaneously. Alternatively or additionally, these anastomotic connections are 
performed using key-hole surgery. In one preferred embodiment of the invention, the graft is a 
patch to be applied to the outside and/or inside of the blood vessel, rather than being a blood 
carrying vessel of itself. Thus, only one end of the graft is ever connected to a blood vessel. 

An aspect of some preferred embodiments of the invention relates to methods and 
apparatus for creating a vessel aperture in a "side" of a side-to-end or a side-to side 
anastomosis. In a preferred embodiment of the invention, a small hole is formed and/or 
punched in the side blood vessel. Then, the hole is expanded so that an anastomotic connector 
may be inserted into the hole. Thereafter, the hole may be further enlarged, possibly by a radial 
force exerted by the anastomotic connector or by a device which expands the connector. In a 
preferred embodiment of the invention, the side vessel is elastically encouraged to reduce the 
diameter of the hole, thereby providing pressure against the end vessel, so that little or no 
blood leaks out of the anastomotic joint. In a preferred embodiment of the invention, the 
anastomosis is thus complete, except for a means for maintaining the end vessel at a minimum 
radius and inside the hole. Preferably, that means is provided by the anastomotic connector 
itself. In some preferred embodiments of the invention, the original hole is formed using a 
vibrating and/or rotating head. 

In a preferred embodiment of the invention, the hole is formed in a blood vessel from 
inside the blood vessel. Preferably, a catheter with a hole forming mechanism at its end is bent 
90 degrees, so that the end is perpendicular to the wall of the blood vessel. Possibly, the bend 
in the catheter rests against the blood vessel wall opposite the hole being formed. Alternatively 
or additionally, the catheter is provided with an increased stiffness so that less force is applied 
against the resting point on the blood vessel wall. Alternatively or additionally, the end 
mechanism grasps the wall of the blood vessel in which the aperture is formed so that little or 
no contra-force is required. For example, the mechanism can include a clamp and/or a suction 
tip for maintaining the wall of a blood vessel in a desired position while pushing a sharp guide 
wire tip through it. Alternatively or additionally to 90 degree connections into and out of blood 
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vessels, at least one of^^nsertions is performed at an obliqud^^le to the vessel wall, for 
example, less than 80, less than 60, less than 40 or even less than 20 degrees. Alternatively or 
additionally, the final angle of the graft to the vessel is also oblique, for example, at these : 
O angles. 

5 When the guide wire is pushed out of the opening made in the first blood vessel the 

graft is preferably brought out of the blood vessel along the guide wire. Preferably, the 
anastomotic device remains "stuck" in the opening in the first blood vessel. A balloon is 
preferably brought along the guide wire into the anastomosis connector and expanded. In some 
preferred embodiments of the invention, the anastomosis connector is topologically external to 

10 the blood vessel, however, due to folding of the vessels, it occupies space inside one or both 
the blood vessels and the graft. Preferably the anastomosis connector exits the first blood 
vessel when the anastomosis is completed so that it mostly external to the graft and the blood 
vessel. In some cases, the connector may have to be pushed out of the blood vessel. 

In a preferred embodiment of the invention, the free end of the graft is navigated in the 

15 body until it is adjacent to a second blood vessel, at a desired location thereof Preferably, this 
navigation is facilitated by an ultrasound imager and/or Doppler sensor, coupled to a guide 
wire or a catheter on which the graft is carried. Preferably, the sensor is situated outside of the 
graft, so that it can better sense its surroundings. Possibly, the graft is enclosed in an 
endoscope. Alternatively, the graft encloses an endoscope. In some cases, the first anastomosis 

20 is also performed after such guiding, for example if the graft is brought in to the chest cavity 
using key-hole surgical techniques. 

An aspect of some preferred embodiments of the invention relates to the anastomosis 
O of the graft to a blood vessel, after such navigation. A guide wire, possible the same guide wire 

as used for a first connection, is inserted into the second blood vessel, to create a hole in the 

25 vessel. The insertion may be done by simply pushing the guide wire into the vessel wall. 
Preferably, the guide wire is inserted into the second vessel for a considerable length. 
Optionally, the guide wire is bent and/or barbed so that it will not retract from the second 
vessel. Alternatively, a screw-tip guide wire may be used to screw the guide wire tip into the 
wall of the second blood vessel. The graft and the second anastomosis connector are brought 

30 along the guide wire and inserted into the hole in the second blood vessel, from inside the first 
blood vessel. Preferably, the attachment is by pushing the end of the graft, preferably with an 
anastomosis connector attached thereto, into a small hole in the target blood vessel and 
increasing the diameter of the anastomosis. A balloon is preferably brought along the guide 
wire to inflate the anastomosis connector and/or widen the opening in the second blood vessel. 
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In a preferred embSHent of the invention, a suction devic attaching to a moving organ 
such as the heart, is provide at or near the end of the graft, to steady the graft relative to 
movements of the heart. 

Alternatively to using a balloon to inflate the connector, an anastomosis connector may 
comprise a super elastic material. In this case, the anastomosis connector is preferably 
maintained in a compressed position by an enclosing element. Once the connector is in place, 
the enclosing element is removed and the connector expands to a desired shape. The term 
"super elastic" is used herein to denote a material which returns to a desired shape when a 
restraint is removed. In some cases, an elastic material may suffice. Alternatively or 
additionally, a shape memory alloy may be used and activated to return to the learned shape. 

Alternatively or additionally to using a guide wire to make a pinhole and expanding the 
hole using an expandable anastomosis connector, a hole puncher (for example as described in 
the Background of the Invention) may be provided along the guide wire to cut out a portion of 
one or both the blood vessels. Alternatively or additionally, a slit or an x-shaped cut in the 
vessel wall may be made by the guide-wire. 

In a preferred embodiment of the invention, the graft vessel is reinforced, on its inside 
and/or on its outside and/or in its body. Preferably, the reinforcing is along its entire length. 
Alternatively or additionally, only portions of the graft are reinforced, such as its ends or its 
middle. In a preferred embodiment of the invention, the reinforcing provides radial stiffness. 
Alternatively or additionally, the reinforcing provides axial stiffness. In a preferred 
embodiment of the invention, the type and/or degree of stifftiess provided varies along the 
graft. In a preferred embodiment of the invention, the stifftiess is symmetrical around the axis 
of the graft. Alternatively or additionally, the stifftiess is asymmetrical, for example, if one 
side of the graft is to be in contact with the heart, that side may be made stiffer. In a preferred 
embodiment of the invention, an external spring is attached to the graft so that if the graft is 
too long, it will spiral gracefully, in a desired manner, rather than kink. 

Many types of grafts and/or reinforced grafts are known in the art and they are 
generally all suitable for use in various embodiments of the present invention. 

An aspect of some preferred embodiments of the invention relates to a method of 
attaching the anastomosis connector to the graft, prior to inserting the graft into the body. In a 
preferred embodiment of the invention, the anastomosis connector is covered with a flap of 
graft material and the covered connector is attached to the graft, such that the anastomosis is 
made via the flap. Preferably, the graft flap is glued to the graft. Alternatively or additionally, 
the anastomosis connector and/or the graft flap are sutured to the graft or otherwise connected, 
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for example using sho kes. It should be appreciated that t *aft flap may comprise a 
different material from the graft. For example, the flap may be Dacron and the graft may be a 
human blood vessel. In a preferred embodiment of the invention, the anastomosis connector is 
provided pre-attached to the flap, which flap is attached to the graft prior to the graft being 
5 inserted, either before or after the connector is attached to the flap. Alternatively, the flap is 
attached to the connector just before the graft is inserted into the body. In a preferred 
embodiment of the invention, an end of the graft is cut off and used as a flap for the 
anastomosis connector. 

An aspect of some preferred embodiment of the invention relates to an anastomosis 

10 connector comprising two portions, which may be connected or separate. When the two 
portions of the connector are attached to each other to perform the anastomosis there is a 
reduced requirement to align the portions, at least with respect to their rotation around the graft 
axis, than with prior art devices. In a preferred embodiment of the invention, the anastomosis 
connector comprises two rings, one including connection spikes and the other comprising a 

15 friction material. When the anastomosis is performed, the spikes are imbedded into the friction 
material. Preferably, each one of the spikes passes through one or both of the blood vessels. 
Preferably, one or both of the rings may include eversion spikes, on which to evert the blood 
vessel. Alternatively or additionally, the connection spikes are used for eversion. 

Alternatively or additionally, the two rings both include spikes and friction material. 

20 Alternatively or additionally, the two rings comprise a rigid material, such that some of the 
spikes in one ring match pre-defined holes in the other ring. In a preferred embodiment of the 
invention, the anastomosis connector is similar to a Nakayama ring anastomosis device, except 
that the rings are expandable in the present device. Preferably, the rings are expanded prior to 
their being connected to each other. Alternatively or additionally, the rings are expanded while 

25 being connected to each other. Preferably, the rings include a protrusion and/or a depression so 
that they can both be aligned, for example, using the guide wire or using a balloon with a 
guiding groove. Alternatively or additionally, the rings have an otherwise non-circular cross- 
section. 

An aspect of some preferred embodiments of the invention relate to a kit, including 
30 measuring devices for determining the diameter of a graft, a set of anastomosis connectors 
having different properties and a delivery system for attaching the graft. Preferably, the kit 
includes a device for everting the graft over an anastomosis connector. 

An aspect of some preferred embodiments of the invention relates to a device for 
punching holes in a blood vessel, form inside the blood vessel or from outside the blood 

12 



vessel, where no^IRd leaks through the punched hole. J preferred embodiment of the 
invention, a formed tip is pushed through a wall of the blood vessel and then an outer tube is 
pushed out over the tip, such that a portion of the vessel wall is captured between the tube and 
the tip and cut off. Leaking is preferably prevented by the pressure of the wall against the outer 
5 tube. 

There is thus provided in accordance with a preferred embodiment of the invention, an 
anastomotic connector for attaching two blood vessels, comprising: 

a cylinder-like portion defining a lumen, having two ends and comprising an array of 
cells-elements; and 

10 a tissue engaging portion comprising at least one set of spikes comprising at least one 

spike arranged adjacent one of the two ends of said cylinder-like portion. 

Preferably, said connector comprises at least a second set of spikes adjacent the other 
of the two ends. 

There is also provided in accordance with a preferred embodiment of the invention, an 
15 anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging two blood vessels, said plurality 
comprising at least one spike, 

where radial expansion of said cylinder-like portion causes said at least one spike to 
20 engage tissue. Preferably, radial expansion of said cylinder-like portion is de-coupled from 
axial contraction of said cylinder-like portion. 

There is also provided in accordance with a preferred embodiment of the invention, an 
anastomotic connector for attaching two blood vessels, comprising: 
a cylinder- like portion defining a lumen; and 
25 a plurality of tissue engaging portions for engaging two blood vessels, 

where radial expansion of said cylinder-like portion is coupled to axial contraction of 
said cylinder-like portion. Preferably, at a maximum radial expansion, a ratio between axial 
contraction and radial expansion is more than about 1:10. Alternatively, at a maximum radial 
expansion, a ratio between axial contraction and radial expansion is between than about 1:10 
30 and 1:5. Alternatively, at a maximum radial expansion, a ratio between axial contraction and 
radial expansion is between than about 1:5 and 1:2. Alternatively, at a maximum radial 
expansion, a ratio between axial contraction and radial expansion is between than about 1:2 
and 1:1. Alternatively, at a maximum radial expansion, a ratio between axial contraction and 
radial expansion is between than about 1:1 and 2:1. Alternatively, at a maximum radial 
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between than about 2:1 



and 4:1. Alternatively, at a maximum radial expansion, a ratio between axial contraction and 
radial expansion is less than about 4:1. 

In a preferred embodiment of the invention, said radial expansion activates at least one 
of said tissue engaging portions. Alternatively or additionally, at least one of said tissue 
engaging portions comprises at least one spike. 

In a preferred embodiment of the invention, said cylinder-like portion comprises a 
plurality of cell elements. Alternatively or additionally, said cylinder-like portion comprises a 
plurality of cell elements. 

In a preferred embodiment of the invention, said at least one spike is arranged to extend 
out of said lumen when said tissue engaging portions engage tissue in a completed 
anastomosis. Preferably, said extended spike lies in a plane tangent to said cylinder-like 
portion. Alternatively or additionally, said extended spike lies in a plane perpendicular to said 
cylinder-like portion. 

In a preferred embodiment of the invention, said at least one spike is arranged to extend 
into said lumen when said tissue engaging portions engage tissue in a completed anastomosis. 
Alternatively or additionally, said device is arranged to cantilever said at least one spike into 
an extended configuration by an expansion of said cylinder-like portion. Alternatively or 
additionally, said device is arranged to release said at least one spike to assume an extended 
configuration by an expansion of said cylinder-like portion. Alternatively or additionally, a 
portion of said cylinder-like portion is arranged to deform into said at least one spike, by an 
expansion of said cylinder-like portion. Alternatively or additionally, said spike is pre-stressed 
to lie outside of an axial profile of said cylinder-like portion. Alternatively or additionally, said 
spike is coupled to a base, and pivotally connected to said cylinder- like portion and where said 
base extends into said lumen. Alternatively or additionally, said cylinder-like portion includes 
a plurality of weakenings, such that plastically deforming said cylinder-like portion will extend 
said spikes to engage said tissue. 

Alternatively or additionally, said cylinder-like portion comprises a bi-stable cell, 
which cell extends said spike in one state and not in the other one of said states. Alternatively 
or additionally, said cylinder-like portion is arranged to twist, in at least one location thereon, 
which location is coupled to said at least one spike, whereby said twist causes said spike to 
extend. Alternatively or additionally, said spike comprises a protrusion to prevent engaged 
tissue from slipping off said spike. Alternatively or additionally, said spike comprises a 
protrusion to prevent engaged tissue from slipping along said spike beyond said protrusion. 



Alternatively or d^^onally, said spike is arranged to b^^at least 90° when it extends. 
Alternatively or additionally, said spike is arranged to bend at least 150° when it extends. 
Alternatively or additionally, said spike is arranged to bend at least 180° when it extends. 
Alternatively or additionally, said spike is arranged to bend at least 210° when it extends. 
5 Alternatively or additionally, said spike is arranged to bend at one point thereon when it 
extends. 

Alternatively or additionally, said spike is arranged to bend at at least two points 
thereon when it extends. Alternatively or additionally, said spike is arranged to bend in a 
continuous curve when it extends. Alternatively or additionally, said spike is arranged to 
10 engages said tissue when it is axially retracted relative to the cylinder-like portion. Preferably, 
said at least one spike comprises a plurality of spikes and where each of said spikes is 
independently retractable. 

In a preferred embodiment of the invention, said at least one spike comprises at least 
two spikes and said connector comprises at least a second spike and said second spike is 
15 arranged to bend towards said at least one spike and said at least one spike is arranged to bend 
towards at least a second spike. Preferably, spikes of said at least a second spike are arranged 
in a radially staggered configuration relative to said at least two spikes. 

In a preferred embodiment of the invention, said at least one spike is associated with an 
individual flat coil spring. Alternatively or additionally, said at least one spike is associated 
20 with an axial cell element, which cell element selectively retracts or extends said spike. 

In a preferred embodiment of the invention, spikes of said at least a second spike are 
arranged to be in a same plane as spikes of said at least one spike, when the spikes are in a bent 
configuration. 

In a preferred embodiment of the invention, said lumen has an elliptical cross-section. 
25 Alternatively, said lumen has a circular cross-section. Alternatively or additionally, said lumen 
has a polygonal cross-section. Alternatively or additionally, said lumen has fixed inner 
diameter. 

Alternatively, said lumen has a varying inner diameter. Preferably, said inner diameter 
has an hourglass profile, being flared at the ends of the lumen. Alternatively, said lumen is 
30 flared at one end of the lumen. 

In a preferred embodiment of the invention, a cross-section of said lumen varies along 
said lumen. Alternatively or additionally, said lumen is matched to a coronary vessel. 



15 



Preferably, said mate' 




includes matching a degree of obli! 




;ss of the lumen 



cross- 



section. 



In a preferred embodiment of the invention, at least one of said cell elements has 
parallelogram geometry. Alternatively or additionally, at least one of said cell elements has an 

5 elliptical geometry. Alternatively or additionally, at least one of said cell elements comprises a 
ratchet for maintaining said cell element in a distorted configuration, once such a configuration 
is achieved. Alternatively or additionally, at least one of said cell elements is arranged to 
distort out of ,a plane of said cell, when that cell is expanded along a certain axis thereof. 
Alternatively or additionally, at least one of said cell elements comprises an outline 

10 geometrical shape. Alternatively at least one of said cell elements comprises a substantially 
full geometrical shape. 

In a preferred embodiment of the invention, at least one of said cell elements is planar. 
Alternatively or additionally, at least one of said cell elements is not planar. Alternatively or 
additionally, said cells are arranged as bands on at least a portion of said cylinder-like portion, 

15 each of said bands comprising substantially a single type of parallelogram. Preferably, said 
bands are axial bands. Alternatively or additionally, said bands are circumferential bands. 

In a preferred embodiment of the invention, substantially all of said cylinder-like 
portions is composed of cell-elements. Alternatively or additionally, said cell elements meet, at 
junctions and the device comprises at least one substantially rigid strut interconnecting at least 

20 two junctions. Alternatively or additionally, said cell elements meet at junctions and the device 
comprises at least one substantially flexible wire interconnecting at least two junctions. 
Alternatively or additionally, said cylinder-like portion comprises several cell types and where 
said cell types are uniformly distributed on said cylinder-like portion. 



25 several cell types and said cell types are non-uniformly distributed on said cylinder-like 
portion. Preferably, said distribution is symmetric. Alternatively, said distribution is 
asymmetric. 

In a preferred embodiment of the invention, the device comprises one or more pressure 
protrusions on said cylinder-like portion, where said one or more pressure protrusions are 
30 arranged to increase a contact pressure between said two blood vessel when said device is 



In a preferred embodiment of the invention, said cylinder-like portion comprises at 
least one part which is plastically deformable at a force which does not deform other parts of 
said portion. Preferably, at least one of said other parts reacts elastically at said force. 



In a preferred embodiment of the invention, said cylinder-like portion comprises 



deployed. 
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Alternatively or aflronally, said part includes weakening^^J^ch guide the plastic distortion 
of said part. 

In a preferred embodiment of the invention, said cylinder-like portion comprises at 
least one part which is super-elastic. Alternatively or additionally, said cylinder- like portion 
5 comprises at least one part which comprises a temperature-triggered shape-memory material. 
Alternatively or additionally, said cylinder-like portion comprises at least one part which 
comprises a temperature-responsive bi-material composite, which changes its geometry under 
the effect of small temperature changes. Alternatively or additionally, at least one of tissue 
engagers comprises at least one part which is plastically deformable at a force which does not 

10 deform other parts of said tissue engagers. Preferably, at least one of said other parts reacts 
elastically at said force. Alternatively or additionally, said part includes weakenings which 
guide the plastic distortion of said part. 

In a preferred embodiment of the invention, said at least one of tissue engagers 
comprises at least one part which is super-elastic. Alternatively or additionally, said at least 

15 one of tissue engagers comprises at least one part which comprises a temperature-triggered 
shape-memory material. 

In a preferred embodiment of the invention, said anastomotic connector is adapted to 
engage a side of one of said vessels and an end of another of said vessels, to perform a side-to- 
end anastomosis. Preferably, said anastomosis is sealed by radial pressure exerted by said 

20 cylinder-like portion and where said tissue engagers maintain the cylinder-like portion in its 
position. Alternatively or additionally, said tissue engagers maintain the relative positions of 
the two blood vessels. Alternatively or additionally, said tissue-engaging portions are arranged 
on said cylinder-like portion such that when the anastomosis is complete, the cylinder like 
portion is at a certain angle perpendicular to the "side" vessel. Preferably, said certain angle is 

25 between about 70° and about 90°. Alternatively, said certain angle is between about 50° and 
about 70°. Alternatively, said certain angle is less than about 50°. 

In a preferred embodiment of the invention, a cross-section of said lumen is matched to 
said certain angle. 

In a preferred embodiment of the invention, said anastomotic connector is adapted to 
30 engage an end of one of said vessels and an end of another of said vessels, to perform an end- 
to-end anastomosis. Preferably, said connector is adapted to be implanted outside of a vascular 
system. 

In a preferred embodiment of the invention, said anastomotic connector is adapted to 

engage a side of one of said vessels and a side of another of said vessels, to perform a side-to- 
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In a preferred embodiment of the invention, said device is composed, at least in part, of 
a bio-absorbable material. Alternatively or additionally, said cylinder-like portion is composed 
wholly of a bio-absorbable material. Alternatively or additionally, at least one of said tissue 
engaging portions is composed wholly of a bio-absorbable material. 

In a preferred embodiment of the invention, at least one of said tissue engagers is 
adapted to engage an everted graft. Alternatively or additionally, at least one of said tissue 
engagers is adapted to engage a non-everted graft. Alternatively or additionally, at least one of 
said tissue engagers is adapted to both an everted and a non-everted graft. 

In a preferred embodiment of the invention, all of said tissue engagers are adapted to 
engage said blood vessels inside a body. 

In a preferred embodiment of the invention, said cylinder-like portion has an axial 
dimension of about 0.5 millimeters. Alternatively, said cylinder-like portion has an axial 
dimension of between about 0.5 millimeters and 2 millimeters. Alternatively, said cylinder- 
like portion has an axial dimension of between about 2 millimeters and 5 millimeters. 
Alternatively, said cylinder-like portion has an axial dimension of between about 5 millimeters 
and 8 millimeters. 

In a preferred embodiment of the invention, said cylinder-like portion has a ratio of 
about 1:1 between its axial dimension and its diameter, alternatively, said cylinder-like portion 
has a ratio of between about 1:1 and about 1:2 between its axial dimension and its diameter. 
Alternatively, said cylinder-like portion has a ratio of between about 1:2 about 1:4 between its 
axial dimension and its diameter. Alternatively, said cylinder-like portion has a ratio of 
between about 1:4 about 1:8 between its axial dimension and its diameter. 

In a preferred embodiment of the invention, said cylinder-like portion is arranged to 
expand radially by a factor of less than about 1.5. Alternatively, said cylinder-like portion is 
arranged to expand radially by a factor of between 2 and 4. Alternatively, said cylinder-like 
portion is arranged to expand radially by a factor of between 4 and 8. 

There is also provided in accordance with a preferred embodiment of the invention, an 
anastomotic connector for attaching two blood vessels, comprising: 

a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the blood vessels, said plurality 
comprising at least two spikes, 



where said^Po spikes extend differently to engage tissue. Preferably, said spikes 
bend differently. Alternatively or additionally, said spikes, engage the same blood vessel. 
Alternatively, said spikes engage different blood vessels. 

In a preferred embodiment of the invention, said two spikes are arranged to extend 
simultaneously. Alternatively, said two spikes are arranged to extend sequentially. 
Alternatively, said two spikes are arranged to extend semi-sequentially, such that there is an 
overlap between their motion. 

In a preferred embodiment of the invention, said two spikes are extended by a same 
distortion of said cylinder-like portion. Alternatively, the extension of at least one of said 
spikes is decoupled from distortion of said cylinder-like portion. 

In a preferred embodiment of the invention, said two spikes are extended by different 
degrees of radial expansion of said cylinder- like portion. 

In a preferred embodiment of the invention, said extension comprises impaling a 
portion of a blood vessel. Alternatively or additionally, said extension comprises transfixing a 
portion of a blood vessel. Alternatively or additionally, said extension comprises pinching a 
portion of a blood vessel. 

There is also provided in accordance with a preferred embodiment of the invention, an 
anastomotic connector for attaching two blood vessels, comprising: 

a cylinder- like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the two blood vessels, 

where said connector has at least two configurations, a first configuration in which said 
tissue engaging portions are at a first extension state and a second configuration where said 
tissue engaging portions are at a second extension state, where said connector exhibits a bi- 
modal behavior in changing from said first configuration to said second configuration. 

Preferably, said configuration change is effected by expanding said cylinder-like 
portion. Alternatively or additionally, said configuration change comprises the extension of a 
plurality spikes. Alternatively or additionally, the connector comprises at least one bi-stable 
element that controls said configuration change. Alternatively or additionally, the connector 
comprises at least one restraining element that controls said configuration change. 

There is also provided in accordance with a preferred embodiment of the invention, an 
anastomotic connector for attaching two blood vessel, comprising: 

a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the two blood vessels, 
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where said conn^j^^has at least two configurations, a firs figuration in which said 
tissue engaging portions form a vessel piercing tip and a second configuration where said 
tissue engaging portions are operative to engage tissue. 

Preferably, said plurality of tissue engaging portions comprise at least one spike. 
Alternatively or additionally, said plurality of tissue engaging portions are arranged at one end 
of said cylinder-like portions and the connector comprises a second plurality of tissue 
engaging portions adjacent the other end of said cylinder-like portion. 

There is also provided in accordance with a preferred embodiment of the invention, an 
implantable device comprising: 

a first portion designed to come in contact with blood; and 

a second portion designed not to come in contact with blood, 

where said second portion is coated with a coagulation-promoting material. 

Preferably, said device is an anastomosis connector. Alternatively or additionally, said 
device is a vascular device for sealing a hole in a blood vessel. 

In a preferred embodiment of the invention, said first portion is coated with a 
coagulation-retarding material. 

There is also provided . in accordance with a preferred embodiment of the invention, a 
graft kit, comprising: 

a sterility-maintaining packaging; and 

a graft having at least two ends and having a side-to-end anastomotic connector 
attached to at least one of said two ends, where said anastomotic connector includes spikes for 
engaging a blood vessel. 

Preferably, the kit comprises a restrainer for maintaining said spikes in an unengaged 
configuration. 

There is also provided in accordance with a preferred embodiment of the invention, a 
graft comprising: 

a tubular body having at least one intersection, such that said body has at least three 
ends; and 

at least two end-to-side anastomotic connectors attached to at least two of said three 

ends. 

There is also provided in accordance with a preferred embodiment of the invention, a 
hole puncher, adapted for punching a hole in a blood vessel, comprising: 
an outer tube having distal portion, which distal portion has a lip; 
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a punch el^Bft having a sharp tip and defining a d sion distal from the tip, where 
said depression is of a size adapted to receive a blood vessel, 

where said distal portion of said outer tube has an outer diameter which is substantially 
the same as an outer diameter of said punch element and where said punch element fits snugly 
in said distal portion such that said lip can sever blood vessel tissue contained in said 
depression from tissue outside said depression. 

Preferably, said depression is distanced from said tip so that said distance is at least the. 
thickness of the blood vessel. Alternatively or additionally, said puncher is flexible enough to 
be provided through a blood vessel in which a hole is to be punched. 

In a preferred embodiment of the invention, the puncher comprises a handle, 
preferably, the puncher comprises means for advancing said outer tube relative to said handle 
and relative to said punch element. Alternatively or additionally, the puncher comprises means 
for retracting said punch element relative to said handle and relative to said outer tube. 

In a preferred embodiment of the invention, the puncher comprises means for 
advancing a graft into said hole formed by said punch. Alternatively or additionally, the 
puncher comprises a valve for preventing blood from leaking out of said outer tube once said 
punch element is removed. Alternatively or additionally, said distal end comprises a stop for 
preventing entry of said distal end into said hole beyond said stop. Preferably, said stop is at an 
oblique angle relative to a main axis of said distal end, to guide said hole puncher to form an 
oblique punch. 

In a preferred embodiment of the invention, the puncher comprises a stop for 
prevention advance of said punch element relative to said distal end, beyond a pre-defined 
distance. Alternatively or additionally, "said punch element is radially expandable from a first, 
small diameter to a second, working diameter. Alternatively or additionally, said distal end is 
radially expandable from a first, small diameter to a second, working diameter. Alternatively 
or additionally, said depression in said punch element is at an oblique angle relative to a main 
axis of said punch element, whereby an oblique hole is punched thereby. Alternatively or 
additionally, said lip of said outer tube is at an oblique angle relative to a main axis of said 
outer tube, whereby an oblique hole is punched thereby. Alternatively or additionally, said 
hole puncher is arranged to punch an oblong hole. 

There is also provided in accordance with a preferred embodiment of the invention, 
apparatus for everting a vessel over an anastomotic connector, comprising: 

a vessel holder for holding said vessel; and 
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an expander, a d to engage said vessel, at least at a^^i of said expander, which 
expander expands from a diameter of less than a diameter of said vessel to a diameter greater 
than that of said vessel and where in said expanded diameter, said at least said portion can 
enclose at least a portion of said vessel holder 
5 Preferably, the apparatus comprises means for selectively moving said expander 

relative to said vessel, such that said engaged portion overlaps said vessel holder. Alternatively 
or additionally, the apparatus comprises a holder for an anastomotic connector. Preferably, the 
apparatus comprises a retainer for maintaining said anastomotic connector in a desired 
configuration during at least a portion of said eversion. 
10 In a preferred embodiment of the invention, apparatus is separable into two pieces. 

Alternatively or additionally, the apparatus comprises a guide for maintaining coaxiallity 
between said vessel holder and said expander. Preferably, said guide comprises an intra-lumen 
vessel engager for engaging said vessel. 

There is also provided in accordance with a preferred embodiment of the invention, a 
15 tip mechanism for forming a hole in a blood vessel, from inside the blood vessel, comprising: 

a wire portion; 

a tip coupled to said wire portion; and 

a motor coupled to said tip and adjacent to said tip. Preferably, said wire is at least 10 
cm long. 

20 In a preferred embodiment of the invention, said tip is a sharp tip. Alternatively or 

additionally, said motor is a piezoelectric motor. Alternatively, said motor is a magneto- 
strictive motor. Alternatively, said motor moves said tip in a rotational motion around a main 
axis of said wire. 

In a preferred embodiment of the invention, said motor moves said tip in an axial 
25 motion along a main axis of said wire. 

In a preferred embodiment of the invention, said tip is smooth. Alternatively, said tip 
includes protrusions for engaging soft tissue. 

In a preferred embodiment of the invention, said tip has a geometry matched to a 
geometry of said motor, such that an amplitude of motion of said tip is at least twice the 
30 amplitude of said motor. 

There is also provided in accordance with a preferred embodiment of the invention, a 
patch for sealing a hole in a blood vessel, comprising: 

a body which can be selectively collapsed or expanded, such that the patch fits inside 
an catheter having a diameter suitable for travel in said blood vessel; 
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where, when said device is expanded, placed over the hole and the tissue engaging 
elements engage said vessel, said seal seals said hole. 

There is also provided in accordance with a preferred embodiment of the invention, a 
framework for an endoscopic procedure, comprising: 

a body which can be selectively collapsed or expanded, such that it fits through a tube 
used to access a surgical area; 

fixation members for attaching said body to tissue at said surgical area; and 

guidance members for guiding one or more tools at said area to perform said 
endoscopic procedure, 

where said body is operative not to be rigidly coupled to said tube while in a surgical 

area. 

Preferably, said framework has a plurality of stable configurations and where said 
stable configurations are matched to a particular endoscopic procedure. Preferably, said 
configurations are achieved by selectively inflating at least one balloon coupled to said 
framework. 

In a preferred embodiment of the invention, the framework comprises a safety line for 
attaching said framework to a tool which exits said body. Alternatively, is unattached to said 
tube. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of performing a bypass, comprising: 

transvascularly providing a graft at a first location in a vascular system; 

forming a hole at said location; 

expelling at least most of said graft out of said hole; 

navigating said graft adjacent a second hole in said vascular system; 

forming a hole at said second location; 

percutaneously performing a first independently patent anastomosis at said first 
location, which anastomosis does not occlude said vascular system at said first location; and 

percutaneously performing a second independently patent anastomosis at said second 
location, which anastomosis does not occlude said vascular system at said second location. 
Preferably, at least one of said first and said second anastomotic connections is performed such 
that no portion of an anastomotic connector remains in contact with blood in said vascular 
system. Alternatively or additionally, at least one of said first and said second anastomotic 
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connections is a side-tij^^b anastomosis. Alternatively or addfilPilly, at least one of said 
first and said second anastomotic connections is a side-to-end anastomosis. Alternatively or 
additionally, at least one of said first and said second anastomotic connections is an intima-to- 
intima anastomosis. Alternatively or additionally, at least one of said first and said second 
anastomotic connections is an anastomosis between an intima and a inside of a vessel wall. 

In a preferred embodiment of the invention, at least most of a graft comprises all of the 
graft. Alternatively, at least most of a graft comprises all of the graft excppt for a lip thereof. 

In a preferred embodiment of the invention, only an intima of said lip is exposed to 
blood in said vascular system. 

In a preferred embodiment of the invention, expelling at least most of a graft comprises 
expelling all of the graft out of the lumen of said vessel while maintaining a portion of said 
graft in a cross-section of sad vessel wall. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of performing an anastomosis, comprising: 
15 transvascularly providing a graft at a location in a vascular system; 

forming a hole at said location; 
expelling said graft completely out of said hole; and 

transvascularly performing an independently patent anastomosis at said location, which 
anastomosis does not occlude said vascular system at said location. Preferably, said 
20 anastomosis is a side-to-end anastomosis. Alternatively, said anastomosis is an end-to-end 
anastomosis. 

In a preferred embodiment of the invention, said anastomosis is performed using an 
anastomotic connector and where said connector is completely outside a blood flow of said 
vascular system after said anastomosis. 
25 Alternatively or additionally, said anastomosis is performed using an anastomotic 

connector and where said only spike portions of said connector are in contact with a blood 
flow of said vascular system after said anastomosis. 

Alternatively or additionally, said anastomosis is performed using an anastomotic 
connector and where said connector forms said hole. 
30 There is also provided in accordance with a preferred embodiment of the invention, a 

method of anastomosis comprising: 

providing an expandable anastomotic device; and 

inflating said device to simultaneously open an anastomotic passage and perform an 
anastomotic connection. 
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method of anastomosis attachment comprising: 

inserting an anastomotic device to attach two blood vessels; and 
inflating a balloon in said device if said attachment leaks. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of punching a hole in a blood vessel, comprising: 

providing a hole puncher to a location in a vascular system, which location has blood 
flowing therethrough; 

transfixing a wall of said vascular system at said location; 

removing a portion of said wall using said hole puncher, while said hole-puncher 
remains transfixing said wall; and 

transporting a tool across said wall through a lumen of said hole puncher. 

Preferably, said removing comprises partially retracting a portion of said hole puncher. 
Alternatively or additionally, said removing comprises partially advancing a portion of said 
hole puncher. 

In a preferred embodiment of the invention, the method comprises using said tool to 
perform an anastomosis connection. Alternatively or additionally, said providing is from 
inside of said vascular system. Alternatively or additionally, said providing is from outside of 
said vascular system. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of everting a graft over an anastomotic connector, comprising: 

sliding said anastomotic connector over said vessel, to a point adjacent an end of the 

vessel; 

expanding a portion of said vessel between said point and said end; and 

everting said expanded portion over of said connector. Preferably, said everting and 
said expanding use a same tool. 

In a preferred embodiment of the invention, the method comprises transfixing said 
vessel at or about said portion with an anastomotic connector. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of performing a side to end anastomosis, comprising: 

providing a graft to a location on a side of a blood vessel; 

forming a hole in said side blood vessel; 

engaging one face of said side of the blood vessel, using an anastomosis connector to 
perform a first portion of the anastomosis; and 
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of said side using the 



anastomosis connector. 

Preferably, said providing is from inside of said blood vessel. Alternatively, said 
providing is from outside of said blood vessel. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of performing a bypass procedure, comprising: 

transvascularly providing a graft at a first location in a vascular system; 

expelling at least most of said graft out of a hole at said first location; 

navigating an end of said graft to a second location in said vascular system; 

performing an anastomosis at said second location; and 

thereafter transfixing said graft to said vascular system at said first location, using an 
anastomotic connector. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of performing an anastomosis* comprising: 

providing a graft at a location in a vascular system; 

forming a hole at said location; and 

simultaneously expanding said hole and completing an anastomotic connection 
between said graft and said vascular system at said location. Preferably, said forming and said 
expanding comprises a continuous process. Alternatively, said forming and said expanding 
comprises a discrete step process. 



The invention will be more clearly . understood by reference to the following 
description of preferred embodiments thereof in conjunction with the figures, wherein identical 
structures, elements or parts which appear in more than one figure are labeled with the same 
numeral in all the figures in which they appear, in which: 

Fig. 1 illustrates a heart with at least one clogged artery and showing a desirable bypass 

path; 

Figs. 2A-2I illustrate a bypass technique in accordance with a preferred embodiment of 
the invention; 

Figs. 2J-2P illustrate a variation of the method of Figs. 2A-2I, in accordance with a 
preferred embodiment of the invention; 

Figs. 2Q-2T illustrate hole making mechanisms in accordance with preferred 
embodiments of the invention; 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figs. 2TA 




2TB illustrate a method of pund 



hole in a blood vessel, in 



accordance with a preferred embodiment of the invention; 

Figs. 2U-2W illustrate end-to-end anastomosis connections in accordance with 
preferred embodiments of the invention; 

Figs. 3A-3H, 3HA and 31-30 illustrate different types of side-to-end and end-to-end 
joints, achievable in accordance with preferred embodiments of the invention; 

Fig. 3P illustrates a side-to-side anastomosis, in accordance with a preferred 
embodiment of the invention; 

Figs. 4A-4D illustrate a one piece anastomosis connector, in a plan view and in various 
stages of deployment, in accordance with preferred embodiments of the invention; 

Fig. 4E illustrates a one piece anastomosis connector, in accordance with another 
preferred embodiment of the invention; 

Figs. 4F-4I illustrate anastomosis connectors which require a minimum amount of user 
intervention, in accordance with a preferred embodiment of the invention; 

Fig. 4J illustrates an oblique anastomotic connector in top, isometric and side views 
thereof; 

Fig. 4K illustrates the connector of Fig. 4J, as deployed in a completed oblique 
anastomosis; 

Fig. 5 is a graph illustrating various possible couplings between radial expansion and 
axial contraction in an anastomosis connector as shown in Fig. 4A; 

Figs. 6A-6E illustrate an additional one piece anastomosis connector and its 
deployment, in accordance with a preferred embodiment of the invention; 

Figs. 7A and 7B illustrate a pin based anastomosis device, in accordance with a 
preferred embodiment of the invention; 

Figs. 7C-7N illustrate various mechanisms for extending spikes out of a surface of the 
anastomotic device, in accordance with a preferred embodiment of the invention; 

Fig. 70 illustrates a parallelogram portion of a connector, which includes a ratchet 
mechanism for preventing collapsing of the connector, in accordance with a preferred 
embodiment of the invention; 

Figs. 7P-7R illustrate a two stage folding of a pair of spikes, in accordance with a 
preferred embodiment of the invention; 

Figs. 7S-7T illustrate a connector with cantilevered spikes, in accordance with a 
preferred embodiment of the invention; 
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Figs. 7U-7V il te a bi-stable spike configuration, ii^Peordance with a preferred 
embodiment of the invention; 

Figs. 8A-8E illustrate an implantation of an orientation independent two piece 
anastomosis device and an exemplary device, in accordance with a preferred embodiment of 
5 the invention; 

Figs. 8F-8I illustrate various configurations of anastomotic connections, in accordance 
with preferred embodiments of the invention; 

Figs. 8J-8M and 80-8P illustrate a family of alternative anastomotic connectors and 
their deployment, in accordance with preferred embodiments of the invention; 
10 Figure designation 8N has been intentionally skipped; 

Figs. 8Q-8R illustrate a pull-wire anastomotic device, in accordance with a preferred 
embodiment of the invention; 

Figs. 8S-8X illustrate alternative mechanisms for folding spikes in which a radial 
expansion is substantially decoupled from axial length changes, in accordance with preferred 
15 embodiments of the invention; 

Figs. 8XA-8XH illustrate a family of mechanisms for axial retraction and/or extension 
of spikes, in accordance with preferred embodiments of the invention; 

Figs. 9A-D illustrate additional devices for attaching graft material to blood vessels, in 
accordance with preferred embodiments of the invention; 
20 Figs. 10A-10D illustrate an end- to end anastomosis in accordance with a preferred 

embodiment of the invention; 

Figs. 10E-10K illustrate an end-to-end anastomosis in accordance with an alternative 
preferred embodiment of the invention; 

Fig. 10L illustrates a side-to-side anastomosis, utilizing a connector similar to that used 
25 in the embodiments of Figs. 10E-10K; 

Fig. 10M shows a front view of an anastomosis device suitable for use in Figs. 10E- 

10L; 

Fig. 1 1 illustrates a transvascular graft delivery system, in accordance with a preferred 
embodiment of the invention; 
30 Figs. 12A-E illustrates a key-hole based graft delivery system, in accordance with a 

preferred embodiment of the invention; 

Figs. 12F and 12G illustrate anastomotic connectors suitable for the embodiment of 
Figs. 12A-E; 
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Figs. 12H-12Jillustrate a graft everter, in accordancWPlth a preferred embodiment of 
the invention; 

Figs. 12K-12M illustrate an alternative hole-punching sub-assembly, in accordance 
with a preferred embodiment of the invention; 

Figs. 12N-12R illustrate two methods of punching a preferably leak-less hole from 
outside or inside a blood vessel, in accordance with a preferred embodiment of the invention; 

J Figs. 12S and 12T illustrate an expanding hole puncher, in accordance with a preferred 
embodiment of the invention; 

Figs. 13A-D illustrate a method of separately providing an anastomotic connector and a 
graft, at an anastomosis site, in accordance with a preferred embodiment of the invention; and 

Figs. 14A-D illustrate a method of cutting a graft to size, during an anastomosis 
process in accordance with a preferred embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 illustrates a heart 20 having an artery 22 that is clogged, for example, at an 
occlusion location 24. One medical solution is to provide a graft 26 that connects between an 
aorta 30 and a point 28 downstream from occlusion 24. Graft 26 is usually connected to aorta 
30 using a side-to-end anastomosis 32. The anastomosis at point 28 is usually also a side-to- 
end anastomosis. 

Figs. 2A-2I illustrate a bypass technique in accordance with a preferred embodiment of 
the invention, in which most or all of a cardiac bypass procedure may be performed 
percutaneously, without opening the chest. In a preferred embodiment of the invention, the 
entire technique can be practiced transvascularly. In a preferred embodiment of the invention, 
a CABG (Coronary Artery Bypass Graft) procedure is performed. Similar techniques are 
described in Israel patent application serial number 124,694, filed May 29, 1998, with a like 
title, the disclosure of which is incorporated herein by reference. 

Preferably, the initial step is to harvest a graft from the body of the patient or otherwise 
provide it. Thereafter, one or more anastomosis connectors are preferably attached to the graft. 
Alternatively or additionally, the graft comes with ready made anastomosis connectors 
attached thereto (possibly provided in a kit form or by a technician). The anastomosis 
connectors are preferably selected to match the blood vessel diameters, conditions and/or other 
parameters of the anastomosis. In some embodiments of the invention, the anastomosis device 
is provided separately from the graft to an anastomosis location and the device and the graft 
are connected near or at the anastomosis connection (see Fig. 13, below). 
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Fig 2A illustrat^l^first step, in which a catheter 34, preHBroly a J-shaped catheter, is 
brought into contact with the wall of aorta 30, with the end of the catheter generally directed 
towards coronary artery 22. The catheter is preferably inserted into the body through the 
arterial system, for example via the femoral artery. 

In a preferred embodiment of the invention, the J-shaped catheter is a bendable catheter 
that is bent so that the bend area (not shown) rests against the aorta opposite the tip of the 
catheter, thus, providing a force that maintains the catheter tip in its position. In some 
preferred embodiments of the invention, the catheter is a bendable catheter, for example by 
inserting a suitable stylet. Alternatively, the catheter tip may include suction, clamping and/or 
other mechanism, which attach the catheter tip directly to the aorta wall (described below). 

In Fig 2B, a thin guide-wire 36, having a sharp tip 37 is pushed out through the wall of 
aorta 30, creating a hole 35. Preferably, catheter 34 is pressed against the wall of aorta 30, so 
no blood escapes. Alternatively or additionally, and especially if the diameter of wire 36 is 
small, the elasticity of aorta 30 closes onto the wire and maintains leakage integrity. Although 
the Fig. shows a barbed guide wire, the guide wire tip may also comprises a smooth taper. 
Alternatively, the guide wire tip may be used to punch out a portion of the aorta, when the 
guide wire is pulled back into the aorta. 

In some preferred embodiments of the invention, a protective sleeve (not shown) 
interposes between the guiding catheter and the guide wire. Possibly, this protective sleeve is 
used to bend the catheter and/or to maintain the guide wire in a J-shaped configuration. 

In a preferred embodiment of the invention, the guiding catheter is an endoscope 
comprising a plurality of working channels, for example, one for the graft and others for other 
tools, for example a saline washing fluid provider. 

In Fig. 2C a graft 38 is pushed out of hole 35 and into the chest cavity. Preferably, graft 
38 is preloaded with at least one anastomosis connector, for example an aortic anastomosis 
connector 42 and/or a coronary anastomosis connector 40. Alternatively, one or both the 
connectors may be attached to the graft after it is inserted into the body. It should be noted that 
in some preferred embodiments of the invention, not all of aortic anastomosis connector 42 
exits the aorta. In a preferred embodiment of the invention, the size and/or shape of connector 
42 is selected so that the graft is properly aligned with respect to the thickness of the aortic 
wall. In one example, the connector has an hourglass shape, in which the waist engages the 
aortic wall. In another example, connector 42 includes lips, which prevent connector 42 from 
exiting the aorta. Possibly, connector 42 includes a second pair of lips (not shown) which 
engage the outside of the aorta. 
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In Fig. 2D 3 ^Pft 38 is attached to aorta 30, preferab|^^ing. anastomosis connector 42. 
Alternatively or additionally, the graft is attached by gluing, welding or suturing. Alternatively 
or additionally, the graft is sewn, for example using a loaded needle device, such as shown in 
PCT publication WO 98/42262. Preferably, the device is made smaller and flexible, so as to be 
suitable for transvascular use, especially for providing the device through the graft to engage a 
coronary vessel and to attach the graft thereto. In a preferred embodiment of the invention, 
stapling is performed via a keyhole opened in the chest. Alternatively or additionally, welding 
is achieved by passing an electric current through the anastomosis connector itself to heat the 
connector or to provide current through the vessel wall. Alternatively or additionally, the 
anastomosis is performed by expanding a balloon or another types of expandable device inside 
anastomosis connector 42 and the expansion causing the connector to perform the 
anastomosis. Alternatively or additionally, connector 42 is super elastic, elastic or shape- 
memory and once a restraint is removed, distorts into a configuration suitable for anastomosis. 
Alternatively or additionally, one or more balloons and/or expandable frameworks are urged 
against each other with connector 42 held between them, so that connector 42 creates the 
anastomosis. 

It should be noted that, in accordance with some preferred embodiments of the 
invention, the graft-aorta anastomosis is patent on its own. Preferably, graft 38 is blocked, for 
example using a balloon along guide wire 36 so that blood does not leak out its distal end. 

In Fig. 2E, graft 38 and/or guide-wire 36 are navigated so that tip 37 of the guide wire 
is near coronary artery 22. Such navigation preferably includes two elements, first, actually 
guiding the guide wire and second, directing the guide wire to a correct location. In some 
cases, for example if the guide wire is rigid, the navigation step might be performed before the 
aortic anastomosis step, possibly with some of the graft still inside the aorta. The navigation 
itself may serve to pull the graft out of the aorta. Typically however, most or all of graft 38 is 
passed out of the aorta prior to performing the navigation. 

The guide-wire may be guided using many methods known in the art, including 
controllable guide wires and outer sleeves of different shapes. Direction of the guide wire may 
use a real-time image of the guide wire and/or the surrounding tissue or it may use a pre- 
determined representation of the body. In a preferred embodiment of the invention, a real-time 
catheter location system is used to determine the relative locations of tip 37 and point 28 on 
coronary 22. One such location system is available from Johnson & Johnson Biosense Ltd., of 
Tirat Hacarmel, Israel. Alternatively or additionally, the navigation is performed using a real- 
time or near real-time image provided by an imaging system, such as ultrasound, CT, 
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fluoroscopy and MRI. .tf|me navigation systems it may be nec^^y to mark point 28 (Fig. 
1) on coronary 22. Sucl^narking may be achieved by using a contrast material, a radio-opaque 
marker, a magnetic marker or an intra-body beacon. In some cases, it may be desirable to 
insert a catheter into artery 22, with such a marker at its tip, to facilitate navigation of catheter 
5 tip 37. 

If graft 38 is already attached to aorta 30, the graft is preferably uncovered while it 
snakes around the inside of the body. Alternatively or additionally, an outer sleeve may cover 
the graft and protect it from contact with internal body tissues. If the aortic anastomosis is 
already performed, such a covering is preferably flexible and is preferably removed by pulling 

10 back it through the "coronary" end of the graft. 

An ultrasound imager, especially at or near tip 37 may also be used to determine which 
obstacles lie ahead of tip 37 and/or to help guide and/or position it. Alternatively or 
additionally, methods as described in the "Transvascular applications", in the background, may 
be used. In a preferred embodiment of the invention, graft 38 is attached to body tissue, for 

15 example membranes, muscle, and/or blood vessels, along its length. Such attaching may be 
performed after the anastomosis is finished. Alternatively or additionally, such attaching is 
performed during the navigation step. The attaching may be achieved by pushing clips out of 
the lumen of graft 38 and into the tissue. Alternatively or additionally, graft 38 may be 
preloaded with such clips, which are maintained in a "open" position using a restraint. When 

20 the restraint is removed, the clips close and attach to a nearby tissue. Alternatively or 
additionally, the graft is attached along its length using tissue glue, welding, suturing or other 
techniques of tissue attachment. 

In some preferred embodiments of the invention, the graft may be navigated into the 
pericardium and along the heart; Alternatively, the graft may enter the pericardium only at a 

25 point near the point 28 on vessel 22. Alternatively or additionally, the graft may travel and/or 
may remain inside the lumen of an organ, such as the lungs or even a blood vessel, such as a 
vena cava. 

Once tip 37 is near coronary vessel 22, the far anastomosis may be made. Preferably, 
tip 37 is inserted into vessel 22, as shown for example in Fig. 2F, so that graft 38 can be 
30 connected to vessel 22. In a preferred embodiment of the invention, a suction, clamping, 
grasping or another type of attaching device is coupled to guide wire 36 and/or graft 38. This 
attaching device is used to steady the graft end and/or the guide wire relative to moving tissue, 
such as a beating heart. The attachment device may attach forward of the advancing wire or to 
its side. In some embodiments, the guide wire may pass through the attachment device and/or 
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the graft may p^J^ver the attachment device. Possibl)^^ attachment device is used to 
remove a portion of the coronary vessel, once the guide wire is properly positioned. In a 
preferred embodiment of the invention, graft 38 and/or guide wire 36 are enclosed by (or 
enclose) an endoscope, or are provided side-by-side. An attachment device may be provided 
through one of the working channels of the endoscope or from inside the graft. 

In a preferred embodiment of the invention, prior to insertion of tip 37 into the blood 
vessel, the entry area is cleaned and a thin coating layer of tissue is removed. In some cases, 
the tissue layer may comprise heart muscle which overlies the coronary. In other cases, the 
layer may comprise a coating membrane, for example an adventitia layer. In a preferred 
embodiment of the invention, this tissue is removed using a knife-like excavating tool which is 
provided through one of the above working channels or by transverse motion of tip 37 itself. 

In a preferred embodiment of the invention, connector 40, in its closed configuration, 
serves the functions described above for tip 37. In a preferred embodiment of the invention, tip 
37 comprises a screw, which is screwed into vessel 22, to create a hole 39 in vessel 22. 
Alternatively or additionally, a stabilizing tool is guided over guidewire 36, to stabilize vessel 
22 relative to tip 37. In a preferred embodiment of the invention, the stabilizing tool is a 
suction device which attaches itself to vessel 22 or to tissue in a vicinity thereof. Preferably, 
tip 37 is guided through the suction device. Alternatively or additionally, the stabilizing tool 
includes a tip having a cross-section shape which matches the cross-section of coronary 22, at 
a desired approach angle. Alternatively or additionally, the stabilizing device comprises jaws 
which grab vessel 22. Preferably, the jaws pinch vessel 22, so that a desired entry point for tip 
37 is adjacent tip 37. Preferably, vessel 22, in its pinched configuration, presents a narrow 
aspect to tip 37 and a wide aspect perpendicular thereto, so there is less danger of perforating 
both sides of vessel 22. Alternatively or additionally, the wide aspect is presented to tip 37, to 
make aiming easier. Such aiming preferably uses an imager and/or a Doppler sensor 
(preferably depth gated) to detect the location of flow in vessel 22. 

In Fig. 2G, graft 38 is advanced to hole 39 and/or a portion of anastomosis connector 
40 is inserted into hole 39. A balloon is preferably guided along guide wire 36 and inflated 
inside connector 40, so that it expands the anastomosis connection and creates an attachment 
between vessel 22 and graft 38. Preferably, the balloon is tapered so that it more easily inserted 
into connector 40. Alternatively or additionally, connector 40 elastically increases in diameter, 
once it is placed into hole 39 and a restraint removed, to allow enough space for the balloon. 
Alternatively or additionally, two balloons are used, a narrow one which partially inflates the 
connector and a wider balloon which completes the inflation of the connector. The leading end 
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of graft 3S/connector 4(^^?referably tapered, so that they are n^^^asily guided into vessel 
22. Alternatively or additionally, guide wire 36 is inserted into vessel 22 for a considerable 
distance and/or bent, so that there is less chance of guidewire 36 inadvertently leaving vessel 
22. 

5 The result, as shown in Fig. 2H is that graft 38 bridges aorta 30 and vessel 22. 

Typically, the holes in the blood vessels and the anastomosis sites are stabilized and patent 
even without the continued assistance of the connector, within two weeks. Thus, in some 
cases, the anastomosis connector may be formed of a bio-degradable substance. In some 
preferred embodiments of the invention, tissue glue or other blood-blocking materials are 
10 applied to one or both of the anastomosis sites, possibly where the two blood vessels contact 
each other or the anastomotic device. In one example, these substances are applied using 
keyhole surgery. In another example these substances are applied using a needle which exits 
through the side of the graft or one of the blood vessels. 

In a preferred embodiment of the invention, coagulating materials are applied outside 
15 the blood vessels or at the contact area of the blood vessels. Alternatively or additionally, anti- 
coagulation materials are applied to portions of the anastomosis and/or anastomosis connector 
which are inside the blood flow. In a preferred embodiment of the invention, the coagulation 
control materials and/or the tissue gluing materials are applied by coating them onto the 
anastomotic connector, at certain portions thereof. Alternatively or additionally, coagulation 
20 and/or tissue re-growth may be affected by making some of the anastomotic device or a 
catheter brought to the anastomosis area, radioactive. 

In a preferred embodiment of the invention, an anastomotic connector includes a 
telemetried pressure sensor or a blood velocity meter, so that the patentcy of the connector can 
be assessed after the connector is implanted. Alternatively or additionally, the connector 
25 includes one or more radio-opaque wires or markers so that it is easy to determine (using x- 
rays) if the connector is maintaining a proper configuration. In a preferred embodiment of the 
invention, leakage of the device is determined by injecting a radioactive bolus of a chemical 
not absorbed by the body after the connection is completed. After the bolus is diluted in the 
blood or removed from the body, checking if the area of the anastomosis exhibits radioactivity, 
30 which radioactivity would be indicative of leakage and/or clotting at the connector. Preferably 
a short-decay radioactive material is used, to minimize radioactive exposure of the patient. 

Figs. 2J-2P describe a variation on the method described above with reference to Figs. 
2B and 2C. Not all the required elements are shown in all the figures, for reasons of clarity and 
for reducing visual clutter. In a preferred embodiment of the invention, connector 42 is not 
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directly pushed i hole formed in the aorta by the g^^^wire. Rather, the hole is first 
expanded using a balloon or another expandable device and then the connector is inserted into 
the expanded hole. Alternatively, a guiding sheath is inserted into the hole and the connector is 
inserted through the sheath. Then, the sheath is removed, leaving the connector in the hole. In 
5 some embodiments, the sheath is a working channel of an endoscope, other working channels 
of the endoscope may be used for tools which assist in one or both of the anastomosis 
connections and/or with the navigation. 

In Fig. 2J, a balloon 300 is advanced over guide wire 36 into the hole made by the 
guide wire and then inflated. Possibly, balloon 300 is attached to the guide wire and is 

10 advanced into the hole by advancing guide wire 36. Balloon 300 is preferably inflated so that it 
expands the hole made by guide wire 36 (as explain herein by poking a hole or by removing a 
portion of the vessel wall), until it is wide enough for a guiding catheter 302 to enter the hole. 

In Fig. 2K, Balloon 300 is advanced so that it pulls guiding catheter 302 into the 
expanded hole. Alternatively, catheter 302 is pushed over the balloon. In a preferred 

15 embodiment of the invention, catheter 302 has a rigid cross-section, to which size the balloon 
is expanded. Alternatively, the catheter has a flexible and/or elastic cross-section, which 
conforms to the shape of the balloon. 

In a preferred embodiment of the invention and as indicated in Fig. 2 J, part of balloon 
300 is inside the catheter and part is out side. In a preferred embodiment of the invention, both 

20 parts of the balloon expand to a same radius. Alternatively, the part outside the balloon may 
expand more, so that guiding catheter 302 more easily slips into the expanded hole. 
Alternatively or additionally, the outside of catheter 302 may be coated with a material having 
a low coefficient of friction (with respect to the blood vessel), to assist in the catheter entering 
the hole. Alternatively or additionally, the end of catheter 302 may extrude a lubricant. 

25 Alternatively or additionally, the outside of catheter 302 may include mechanical means to 
assist insertion, for example, the outside of catheter 302 may be threaded, so that the catheter 
can be screwed into the hole. 

Fig. 2L shows a catheter 302 in position in the hole. Generally, the seal between the 
aorta wall and the catheter is tight enough so that there is little or no leakage of blood from the 

30 hole. Thus it is possible to bring various tools through the catheter to perform activities outside 
the blood vessel, for example at the coronary anastomosis. As a result, the far anastomosis 
may be performed and/or corrected, if necessary, prior to performing the near anastomosis. 
Possibly, the inner radius of catheter 302 is greater than the final inner radius of the graft, to 
facilitate such remote activities. Possibly, the radius of catheter 302 increases after the it exits 
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hole 35. The above to^^Lay be brought through the graft (on is inserted into the aorta. 
Alternatively, the tools may be brought through the catheter at the side of the graft. Possibly, 
the graft itself is only brought in after some activities are performed at the remote anastomosis, 
for example locating and/or fixing a guidewire to the anastomosis location. Alternatively, the 
graft may be passed completely through the hole in the aorta and then one end of the graft 
possibly brought back to attach to the hole. Alternatively, the one end is attached to a vessel 
other than the aorta or to the aorta at a position other than the hole. Preferably, the hole is 
closed using other means, such as a patch, or by attaching a second graft from the hole to 
another remote anastomosis location. 

In Fig. 2M, graft 38 is positioned so that an anastomotic connector 42 is in hole 35. In 
a preferred embodiment of the invention, as shown for example in Fig. 2C for connector 40, 
connector 42 comprises lips which prevent the connector from advancing beyond hole 35. 
Alternatively or additionally, connector 42 has an hourglass profile so it self-centers in hole 
35. In a preferred embodiment of the invention, catheter 302 has a flexible exterior, so that 
connector 42 can engage hole 35 through the intervening catheter. Alternatively, catheter 302 
has an inflexible exterior geometry which, itself, engages the hole. Preferably, catheter 302 
also has a suitable interior geometry, so that when graft 38 and connector 42 are inserted, they 
are properly aligned with hole 35. In Fig. 2M, an endoscope 306 is shown, in accordance with 
preferred embodiments of the invention. This endoscope may be used to provide balloons, 
grafts, connectors and/or for navigation of the graft to the remote anastomosis location 

Thereafter, guiding catheter 302 may be retracted, for example as shown in Fig. 2N, to 
allow connector 42 to engage hole 35 in aorta 30. Generally, hole 35 will shrink and engage 
connector 42 so that there is no leakage. Alternatively, catheter 302 may remain abutting 
against the wall of aorta 30, to prevent bleeding. Preferably, the far end of graft 38 is sealed to 
prevent blood from leaking out through the graft (unless the far end is already attached to a 
blood vessel). 

In Fig. 20, a balloon 304 is expanded inside connector 42. Possibly, balloon 304 is 
provided into the connector prior to the removal of catheter 302. Alternatively, it is provided, 
after the removal, preferably being guided over guide wire 36. Alternatively to using a balloon, 
connector 42 may comprise a super-elastic, elastic and/or shape-memory material which 
expands when an constraint (e.g., catheter 302 or guide wire 36) is removed. 

In. a preferred embodiment of the invention, the expanded geometry of balloon 304 is 
matched to the desired shape of the expanded anastomosis device. In one example, Balloon 
304 comprises fingers which extend to bend spike-portions of the connector (described below). 

36 



In another exam^pBalloon 304 expands to an hour-gl<^hape, to better position and/or 
shape connector 42. Alternatively or additionally, balloon 304 axially shortens when it radially 
expands, to assist in the correct shaping of connector 42. Alternatively or additionally, balloon 
304 comprises a multi-step balloon which expands in a step-wise manner to sequentially 
provide a plurality of different geometry's. The selection between the geometry's may depend 
on the inflation pressure, for example by providing thicker and thinner portions in the balloon, 
where the thicker ones require a greater pressure to stretch, or on a position and/or rotation of a 
guide wire which is enclosed by the balloon. In one example, A first inflation pressure causes 
the balloon to expand to a first step, where spikes on the connector are extended perpendicular 
to the surface of the connector. A second inflation pressure causes the spikes to bend another 
90 degrees and a third inflation pressure causes the connector to expand and/or axially shrink. 

In Fig. 2P, the aortic anastomosis is complete and the coronary anastomosis is ready to 
be performed (if not already performed). 

It should be noted that although a plurality (possibly even four) of balloons may be 
used for expansion of the various hole sand anastomotic connectors, possibly a smaller number 
of balloons or even a single balloon may suffice. In one example, a single balloon comprises a 
multi-step balloon whose final geometry is step-wise dependent on the inflation pressure. In an 
extreme example, no balloon is used, for example, if the connectors are self-expanding and/or 
by using a non-balloon expandable structure. One example of a non-balloon expandable 
structure comprises of two base-to base tetrahedrons, in which the non-base sides are rigid and 
in which the two opposing vertexes are attached by a wire which may be shortened (e.g., by 
pulling the wire). 

Alternatively or additionally to end-to-side anastomosis connections at the coronary end 
illustrated in Fig 2H, side-to-side anastomosis connections may be used, as described for 
example in the "Transvascular applications". Fig. 21 shows an example of such connections, 
where a single graft 38 is attached to two, possibly different coronary arteries 22. The end of 
graft 38 is preferably blocked and or is used for an end-to side or an end-to-end anastomosis. 
Alternatively or additionally, graft 38 is prepared so that it does not have a distal opening. 
When side to side anastomosis connections are made, graft 38 may have pre-formed holes in 
its side or holes may be made during the connection process. In a preferred embodiment of the 
invention, each side of the side-to side anastomosis is individually patent, without requiring 
compression of intervening tissue, as in some known methods. 

Figs. 2Q-2T illustrate methods and apparatus of forming a puncture in a blood vessel 
(aorta or coronary, i.e., from inside or from outside), in accordance with preferred 
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embodiments of the ir^^on. In some of the described embodHPfcs, it is an object to avoid 
contact with portions of the blood vessel to be pierced, other than at or near the piecing area, to 
avoid damage to the blood vessel One solution, is to provide a piercing tip which does not 
require a base to rest against. 

Fig. 2Q illustrates a vibrating tip 310, for a guide wire 36, which may be used for 
piercing a blood vessel in accordance with a preferred embodiment of the invention. 
Additionally, this tip may be used for penetrating through a different type of layer, for example 
of soft tissue, or even a hard tissue, such as a calcified aorta. In a preferred embodiment of the 
invention, tip 310 is made to vibrate rapidly in along an axis indicated by an arrow 320 (and/or 
at another angle, such as perpendicular to the arrow), thereby piercing a blood vessel against 
which it is placed. In a preferred embodiment of the invention, tip 310 comprises a vibrating 
potion 314, a mechanical amplifier 316 and a vibrating end 318. In a preferred embodiment of 
the invention, mechanical amplifier 316 has the shape of a horn (a cone) so that the amplitude 
of axial motion at the narrow end is about four or more times greater than at the wide end. In 
one exemplary embodiment, vibrating portion 314 comprises one or more layers of 
piezoelectric material, electrified by a wire 312. Amplifier 316 is formed of Titanium or 
Aluminum and may have a base diameter of 3mm. The surface of amplifier 316 may be 
smooth. Alternatively, the surface may be rough, for example to engage tissue against which it 
vibrates and into which it is inserted. Alternatively or additionally, the surface may have 
formed thereon one-way barbs, so that tip 310 can easily enter by less easily exit tissue. 

Alternatively to piezoelectric vibration, other ways of generating vibration may be 
provided, for example, resonant vibration responsive to externally applied acoustic waves, 
transmitted through the tissue or along the guide wire. Alternatively, magneto-strictive 
vibration may be achieved by forming vibrating portion 314 out of a suitable material and 
applying an AC magnetic filed in the vicinity of portion 314. Alternatively, other vibrating 
methods may be used, for example using a solenoid. In a preferred embodiment of the 
invention, the frequencies are between 5 and 50 Hz and the amplitudes are between 0.1 and 
lmni. Alternatively higher frequencies, for example between 50Hz and 1000Hz, higher 
amplitudes, for example between 1 and 3mm, lower frequencies, such as between 1Hz and 
5Hz, and/or lower amplitudes, such as between 0.01 and 0.1mm, may be used. 

Fig. 2R illustrates a tip 322 which rotates as indicated by an arrow 324. The rotation 
may be continuous in one direction, pulsed and/or reversing. Tip 322 is preferably threaded to 
engage the tissue into which it is inserted. The rotation is preferably provided by a motor 326, 
which may be, for example, a magnetic motor or a piezoelectric motor. Possibly, the motor is 
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pie one caused by 
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magnet. The rotation may be in addition to or instead of axial motion. Rotational motion may 
be achieved by making vibrating portion 314 not perpendicular to guide wire 36. US Patent 
4,846,174 and PCT/US89/00261, the disclosures of which are incorporated herein by 
reference, describe mechanism which are useful for such rotating and vibrating tips. 

Alternatively or additionally, to vibrating or rotating tips, a tip 37 of a guide wire may 
be shot through the blood vessel, like a harpoon. In one example, the tip is shot using a 
pneumatic or hydraulic pressure build-up in the guiding catheter. In another example, the tip is 
shot using a suddenly applied magnetic filed which acts on a magnetic tip. Preferably, the 
motion of the tip is axially restrained, for example by a wire connected thereto, to avoid 
undesirable penetration of the tip into non-local tissue. 

Fig. 2S illustrates a process of clamping and piecing, in accordance with a preferred 
embodiment of the invention. In an axial view of blood vessel 30, a tip 37 is to penetrate the 
wall of vessel 30. One or more clamping devices 330, for example a pair of pincers, pinch the 
wall of vessel 30, so that a portion 332 is pinched inwards. A location 334, which it is desired 
to penetrate with tip 37, is preferably presented to tip 37. Preferably, the orientation and/or 
position of clamping device 330 is selected so that particular location is pierced. Alternatively, 
once clamped, the clamping may be removed, if the location is deemed unsuitable. In a 
preferred embodiment of the invention, tip 37 and devices 330 are coupled, so that advancing 
tip 37 causes it to pierce location 334. Once such piecing is confirmed, clamping device 330 
may be removed and the piercing process is completed. In some embodiments of the 
invention, tip 37 punches a hole (removing material) in vessel 30, rather than just piercing it 

Fig. 2T illustrates a process similar to that of Fig. 2S, in which the piercing is 
performed from outside the blood vessel. Optionally, a tool 340 aligns tip 37 against the blood 
vessel to guarantee that tip 37 enters at a desired angle and/or orientation (angle from the plane 
of the figure). Alternatively, such guaranteeing is performed by clamping devices 330. 

Figs. 2TA and 2TB illustrate a method of punching a hole in a blood vessel, in 
accordance with a preferred embodiment of the invention. In Fig. 2TA, a tip 37 penetrates a 
wall of a vessel 30, such that a portion of the wall is grasped by an inner reduced diameter 
portion 550. When tip 37 is retracted (relative to the rest of the catheter), as shown in Fig. 
2TB, the wall is pinched and cut between an inner lip 554 of portion 550 and a cutting base 
552 of the guiding catheter. In a preferred embodiment of the invention, the hole into which tip 
37 is inserted is formed by tip 37 itself. Alternatively, the hole may be formed by a special 
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cutting guide wire, wl^j^an be retracted prior to the advance 37 or along which tip 37 

rides. 

In a preferred embodiment of the invention, the punched hole has a cylindrical volume. 
Alternatively or additionally, the volume comprises an oblique cylinder, with an elliptical 
5 cross-section at the vessel wall. Alternatively or additionally, the volume is conical. 
Alternatively, the volume is hour-glass shaped. Alternatively, the volume comprises two base- 
to-base truncated cones. 

In a preferred embodiment of the invention, one or more of a plurality of measurements 
may be performed at the hole in the blood vessel. In one example, the thickness of the vessel is 

10 measured, for example using an ultrasonic imager or distance or thickness sensor. Such a 
sensor (or other sensors described herein) may be provided at tip 37 or from a working channel 
of an endoscope which assists in the anastomosis. In another example, the elasticity of the 
vessel is measured, for example, by applying a known force and/or a known displacement to 
the vessel wall using a pressure transducer, and measuring the response (motion and/or 

15 pressure) at the transducer. In another example, the hardness of the vessel wall and/or 
reflections from it, are used to determine if there is a calcification on the inside (or outside of 
the vessel. These measurements may be applied either or both from inside and from outside a 
blood vessel. Alternatively or additionally, if a piezoelectric vibrating tip is used, such a tip 
may also be used to perform the sensing. 

20 In a preferred embodiment of the invention, the sending is used to determine a desired 

hole size to be punched. Desirably, the hole is large enough so that the vessel is not unduly 
strained by the expansion of the hole and the hole is small enough so that the vessel walls will 
exert a pressure which aids in leak suppression and/or in holding the anastomotic connector in 
place. Possibly, a first, small hole is punched, to assess the radial force applied by the wall, 

25 and if the force is greater than desired (indicating undue strain on the vessel), a larger hole is 
punched. 

In a preferred embodiment of the invention, the area of the punched hole is treated, for 
example, to prevent dissection of the vessel wall. In one example, the circumference of the 
hole is coagulated, for example using an electric field or a laser beam. Possibly, the 
30 coagulation is applied at spots on the circumference. Alternatively, a continuous coagulation is 
applied, for example by tip 37 itself being one electrode of an RF coagulation circuit. 
Alternatively or additionally, the punched hole is coated with tissue glue. 

In a preferred embodiment of the invention, a drug may be applied to the punched area, 
for example to assist in healing, to prevent dissection and/or to assist in the hole punching 
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process. In one e>^^le, the drug may induce the dilation rollary blood flow. In another 
example, the drug may induce relaxation or expansion of the blood vessel, for example to 
stabilize the state of the blood vessel dilation or to assist in performing the punch. Possibly, 
similar effects may be achieved by applying low voltage electric currents to the blood vessel, 
to stimulate local relaxation or contraction. 

In a preferred embodiment of the invention, an anastomotic connector is hollow. For 
example, the connector may be formed of two concentric tubes, with glue or a drug disposed 
between the tubes. When the connector is radially expanded, the glue or drug can be forced out 
of openings in the surface or between the layers. Preferably, the openings are at points whose 
final position relative to the anastomosis can be relatively guaranteed. 

Alternatively or additionally, at least portions of the anastomotic device act as an RF 
antenna or as an eddy current generator, such that when an RF field or an AC magnetic file 
dare applied (respectively), at least the portions of the device heat and weld the anastomosis 
shut. 

Alternatively to punching a hole in the blood vessel, a hole may be cut in the vessel by 
forming a circular cut-out. In one example, such a circular cut-out is formed by cutting along 
the circumference of the hole with a laser, a knife, a rotary cutter or an ultrasonic scalpel. 
Alternatively, the hole may be ablated, for example using RF ablation, micro-wave ablation or 
chemical ablation. Alternatively, a cutting tool may be placed inside a hole and used to cut 
sideways into the vessel wall. 

Alternatively or additionally to using percutaneous techniques, the navigation, the final 
alignment with the artery (or vein) and/or the anastomosis to the artery (e.g., suturing) may be 
performed using a key-hole surgery technique. It should however be appreciated that key-hole 
surgery is aided by using the above described technique to bring, to a location adjacent a 
coronary vessel, a graft, one end of which is already attached to the aorta. Thus, only a key- 
hole procedure at the anastomosis location (coronary and/or aorta) is required. 

In a preferred embodiment of the invention, after the bypass is performed, the graft is 
tested for leakage. Preferably, a contrast media is injected and a fluoroscopic image is acquired 
after a short wait to determine if any of the contrast material has leaked from the vascular 
system. In case of such leaks, the anastomosis may be strengthened, in some preferred 
embodiments of the invention, by inflating a balloon inside a leaking anastomosis connector to 
increase its contact with the wall of the vessel to which it is connected. Alternatively or 
additionally, a stent and/or a graft may be inserted within the leaky connector so that it is 
situated between the connector and the blood flow. Alternatively or additionally, the leaking 
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:d, by disconnecting the graft from 
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:ssel, providing a suitable 



anastomosis connector and activating the provided connector, to create the anastomosis. 
Alternatively or additionally, key-hole surgery is performed only at the leaking anastomosis, 
for example, to suture it. 



of preferred embodiments of the invention. In the above description, tip 37 punches a pinhole 
(which is later enlarged) in aorta 30 and vessel 22. Alternatively, tip 37 may be used to punch 
a hole of a desired size and/or cross-section, in aorta 30 and/or in vessel 22. In a preferred 
embodiment of the invention, the hole is smaller than the final anastomosis cross-section. 
10 Alternatively, the hole is of approximately the final diameter. 

The above technique may also be used to connect other blood vessels, for example, for 
femoral bypass or for a venous-arterial shunt. In addition, other body lumens may be 
connected, for example, in the intestines, in the urinary tract, in the bile system, and/or in the 
respiratory system. 

15 It should be appreciated that guide wire 36, even after it perforates the aorta, does not 

necessarily allow blood to leak from the aorta. Thus, in some preferred embodiments of the 
invention, the above technique may be practiced, even if catheter 34 does not isolate hole 35 
and/or without stopping the heart and/or without reducing the systemic and/or local blood 
pressure. Alternatively or additionally, it may be desirable to reduce the risk level so one of the 

20 above described techniques of reducing leakage from hole 35 and/or reducing the availability 
of blood at hole 35, may be practiced. 

The description of Fig. 2A suggests the desirability of using a "J" shaped catheter 
and/or pointing the guide wire in the direction of target point 28. However, it should be 
appreciated that graft 38 is navigated in the body, possibly around obstacles (such as the heart 

25 itself). Thus, the initial direction of the guide wire exiting the aorta may be decided by other 
considerations, such as the location of the graft along the aorta, the ease of repairing the 
anastomosis, interaction of the anastomosis size, location and angle with blood flow in the 
aorta and in the graft, and/or plaque location and arteriosclerosis of the aorta. Once the vessel 
is outside the aorta, it can be guided to point 28. 

30 In a preferred embodiment of the invention, a desired layout of graft 38 is determined 

before starting the procedure. Such a layout depends not only on the desirability of the end 
points, but also on the available maximum length of graft 38, the desire to minimize its length, 
available locations to attach the graft to anatomical structures, a desire to minimize the 
possibility of kinks and/or sharp bends in the graft, a desire to minimize the possibility of the 



Many variations on the technique described above may be performed, within the scope 
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probability of the graft being pulled out of one of the blood vessels to which it is attached. 

In a preferred embodiment of the invention, as shown in Fig. 21, graft 38 may be used 
for a plurality of bypasses, for example, to bypass the entire left anterior descending coronary 
artery, especially if it has multiple occlusions. In a preferred embodiment of the invention, this 
is achieved using a plurality of side-to-side connections. Alternatively or additionally, graft 38 
may be forked or contain other types of intersections allowing various legs of the graft to be 
attached at different places. Alternatively or additionally, a second graft 38' may be pushed out 
of graft 38, after graft 38 is in place, possibly using the techniques described herein. 
Alternatively or additionally, a side-to end anastomosis may be performed between the two 
grafts either before or after the first graft is inserted into the body. Alternatively or 
additionally, a side-to-side anastomosis is performed. When the second artery is at the "side" 
side of the anastomosis, the two ends of the second graft are preferably pushed out of the first 
graft together, until an anastomosis connector attached to the graft reaches the hole through 
which the graft was pushed out. Then, the anastomosis is preferably performed. It should 
however be appreciated that the procedures described herein may be applied to substantially 
any coronary artery. 

As described herein, graft 38 is preferably provided through a blood vessel. In an 
alternate preferred embodiment of the invention, graft 38 is provided using other body organs 
as passageways, for example, using the lungs, intestines or other hollow organs. Alternatively 
or additionally, the graft is provided via the body cavity itself, for example, it is pushed into 
the body from the outside, via hole in the skin. In these embodiments, both of the anastomosis 
connections are preferably performed from the graft into a target blood vessel. The guide wire 
is preferably brought into the graft from a hole near its center and selectively guided to an end, 
depending on the end to be grafted. The hole may be patched, for examples, using methods 
described herein or known in the art. Alternatively, the two end anastomosis connections are 
performed using an endoscope which encloses or is parallel to the graft, without requiring a 
guide wire to pass through the graft at all. In one embodiment, the tip of the endoscope is used 
for piercing the blood vessel. The graft is inserted along the endoscope or possibly in a groove 
therein and then the endoscope is removed, leaving the graft in the blood vessel. Possibly, the 
endoscope has a deformable cross-section, to assist in removal of the endoscope without 
shifting the graft from inside the blood vessel. 

Alternatively or additionally, the anastomosis connections are performed by attaching 
two grafts, one to each target vessel, for example using a side-to-end anastomosis, and then 
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performing an end-to- nastomosis on the free ends of the t\^^^fts. Such an anastomosis 
may be performed percutaneously, for example by providing a catheter through one of the 
target vessels. Alternatively or additionally, the end-to-end anastomosis may be performed 
using key-hole approach. It should however be appreciated that a percutaneous approach is 
usually preferable to key-hole surgery, since it causes even less trauma to the body. However, 
in some cases, a key-hole surgical procedure is required anyway, so that it may be aided by a 
percutaneous procedure. Alternatively or additionally, to a key-hole procedure, a transvascular 
procedure may interact with an endoscopic procedure, whereby a flexible endoscope is guided 
to a desired location in the body, adjacent where a transvascular procedure is being performed. 

Figs. 2U-2W illustrate end-to-end anastomosis connections in accordance with 
preferred embodiments of the invention. Fig. 2U shows a blood vessel 342, possibly a 
coronary vein or artery having an occlusion 344. In accordance with some preferred 
embodiments of the invention, a bypass may be performed between a pair of points 346 and 
348 which are on either side of occlusion 344. The bypass may comprise -a graft which 
attaches using a side-to end anastomosis at point 346 and an end-to-side anastomosis at point 
348, for example using the methods and apparatus as described herein. Alternatively, an end- 
to-end inside anastomosis, as shown in the Fig., may be performed at one or both of 346 and 
348. Alternatively, as shown for example in Fig. 2V, a graft 350 may be connected to point 
346 using an end-to-end anastomosis. The connection at point 348 may be end-to-side 
(possibly oblique), end-to-end or an enclosed connection, in which graft 350 is inserted 
through the side of vessel 342 and is bent so that it is coaxial with vessel 342. In a preferred 
embodiment of the invention, the end-to-end anastomosis at point 346 is achieved by 
expanding a guiding catheter (not shown, similar to catheter 302) to block the entire lumen of 
vessel 342 at point 346. Such an expandable catheter may for example include an outer balloon 
layer which can be radially expanded against vessel 342. A cutting tool is then extended 
through the lumen of the guiding catheter to sever (partially or completely) vessel 342. Then, 
graft 350 may be navigated out of the catheter to point 348, at which an anastomosis may be 
formed. Similar navigation techniques as described herein may be used. Additionally, a guide- 
wire (not shown) may be provided to pass occlusion 344, for example between the guide 
catheter and the wall of vessel 344, prior to the severing, to mark location 348. 

Fig. 2W illustrates a different type of end-to-end anastomosis which is somewhat 
similar to stent grafting. In this method, graft 350 does not exit vessel 342. Rather, a guidewire 
is passed through occlusion 344 and the occlusion is expanded enough so that a graft can be 
passed therethrough. In some cases the occlusion is so complete that it is necessary to drill a 
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hole through oc on 344, for example using laser irotary ablator. In a preferred 
embodiment of the invention, vessel 344 is sealed at or before point 346, so that if the seal of 
vessel 342 is compromised by the expansion, no blood will leak out. Such sealing may use 
balloons or an expandable catheter. Expanding anastomotic connectors are then expanded at 
the two ends of graft 350, to complete the procedure. Alternatively, in Figs. 2U and 2V, the 
seal at point 346 may be formed by an end-to-end anastomosis between graft 350 and vessel 
342. After this graft is completed, the rest of the graft is advanced either through the occlusion 
or around the occlusion. Typically, graft 350 is folded or otherwise contracted so that it fits 
between point 346 and occlusion 344. Alternatively, a first anastomosis is performed at point 
348. Alternatively, graft 350 is inverted prior to insertion and is then im-inverted after the seal 
(or anastomosis) is made at point 346. 

Several distinctions should be noted between a stent and a connector in accordance 
with some preferred embodiments of the invention: 

(a) An anastomosis connector, in some preferred embodiments of the invention, 
requires less contact with the blood than a stent, since it is mostly, if not totally, outside the 
blood vessel. For example, the embodiment of Fig. 8U would may be considered undesirable 
for use in a stent, due to the large amount of surface area it has. 

(b) The total area of contact between the connector and the blood vessels is generally 
smaller, since the connector is not usually required to structurally support a significant portion 
of the blood vessel. 

(c) An anastomosis connector usually comprise less metal (per volume and/or surface 
unit) than a stent, since the connector usually needs to provides less support. 

(d) An anastomosis device, in some embodiments described herein, is in contact mostly 
with the outside of the blood vessel, while a stent is mostly (or wholly) in contact with the 
intima. One reason for this is that the blood vessel is everted for anastomosis, in some 
preferred embodiments of the invention. 

(e) In preferred embodiments of the invention, an anastomotic device grasps a blood 
vessel from one or two sides, in a way that may prevent dissection of the blood vessel. A stent 
usually only pushes against the blood vessel and does not engage the interior of the vessel 
wall, from one or two sides. 

Refeixing especially to Figs. 2A-2G, in a preferred embodiment of the invention, guide 
wire 36 has a tip diameter of, for example, 0.018 inches and tapers slightly. When inserting the 
guidewire into vessel 22, preferably one, two or three centimeters are inserted into the vessel. 
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The anastomosis conn has, for example, an outer diameter out 0.8 mm, in its closed 
configuration and is made of stainless steel with a thickness of between 0.1 and 0.2mm. 

The above description is generally applicable with respect to the various types of 
anastomosis devices used, in accordance with preferred embodiments of the invention, to 
connect graft 38 with vessel 22 and/or aorta 30. There are several considerations in selecting a 
configuration for an anastomosis device, some of which are listed below. It should be 
appreciated that some of the considerations are have a greater effect on some of the preferred 
embodiments, than other considerations. 

(a) Bringing the two vessel together. In some preferred embodiments of the invention, 
the anastomosis device brings the two vessels closer together. 

(b) Non-desirability of leaks. In some preferred embodiments of the invention, the 
anastomosis device provide a large area of contact between the two blood vessels, preferably 
completely surrounding the anastomosis connection. The probability of leaks occurring in this 
embodiment is reduced. Alternatively or additionally, the connection may be strengthened 
after the anastomosis connector is in place, in accordance with some preferred embodiments of 
the invention. 

(c) Non-desirability, of vessel flaps remaining in the blood flow. In some preferred 
embodiments of the invention, such flaps are trapped by the anastomosis connection. 
Alternatively or additionally, the flaps are pushed out of the blood flow. Alternatively or 
additionally, such flaps never come into existence, since the anastomotic connections are made 
by stretching a pin-hole, not by cutting a cross. A cross shaped slit or a straight-line slit may be 
cut using a guide wire with a suitably shaped tip. Alternatively or additionally, a sharp tip of 
the guide wire may be used to cut any desired shape by moving it along the surface of the 
blood vessel. 

(d) A requirement to maintain a minimum cross-section of the anastomosis connection. 
In a preferred embodiment of the invention, the anastomotic connector comprises a ring 
portion, which maintains the connection cross-section to be at least the inner diameter of the 
ring. Alternatively or additionally, the connection between the two blood vessels is such that 
the configuration is not under tension or is under a minimal amount of tension when the 
anastomosis is open. For example, if the lips of the (expanded) pinhole are folded back the 
tension is much greater on the lips than if they are not folded back. Alternatively or 
additionally, the blood pressure maintains the anastomosis open. The fact that the anastomosis 
is on a major blood vessel, in accordance with some preferred embodiments of the invention, 
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aids in keeping i n. Alternatively or additionally, a po^^ of the "side" vessel is cut out, 
so that there is an opening therein which is covered by the "end'* vessel. 

(e) Desirability for a minimum amount of contact of non-endothelial surfaces with the 
blood. This consideration includes both a desire to minimize the contact between foreign 
objects and the blood flow, and a desire that after the anastomosis is complete only endothelial 
surfaces of the blood vessels are in contact with the flow. Various connectors in accordance 
with preferred embodiments of the invention, as described herein, meet one or both 
considerations. 

(f) Probability of the connection remaining leak proof for a long time. In a preferred 
embodiment of the invention, the anastomosis connector provides a tissue-to-tissue contact 
area, in which there is little or no tissue necrosis. Thus, after a short while, a bridge is formed 
between the tissues of the two vessels. 

(g) Requirement to perform eversion of vessel tips, especially if vessels are hardened or 
otherwise sensitive. Some types of anastomosis require a 90 degree or a 180 degree eversion of 
the vessels. Although this usually results in a best connection, it may not be possible in some 
cases, for example if the vessels are hardened or prone to cracking. Some of the anastomosis 
connectors described herein require little or no eversion. An additional benefit of not requiring 
eversion is a reduction in the difficulty in preparing the vessels for anastomosis. Preferably, 
only the graft vessel is prepared before the procedure. The intra-body vessels cannot usually be 
prepared for anastomosis using percutaneous tools and in some preferred embodiments of the 
present invention, need not be prepared. 

(h) The number of pieces inserted into the body. There is usually a desire to minimize 
the number of object inserted into the body and/or the blood stream, to minimize the danger of 
one of the pieces getting lost or stuck. In some preferred embodiments of the invention, the 
anastomosis connector comprises a single piece, which is pre-attached to the graft. Other 
embodiments utilize two or more pieces. 

(i) The simplicity and speed of performing the anastomosis. In a preferred embodiment 
of the invention, the speed and simplicity of the anastomosis procedure are improved over 
those used in the prior art. 

(j) The type of connection between the blood vessels. Various types of connections are 
provided in accordance with preferred embodiments of the invention, as described above and 
as described below with reference to Figs. 3A-30. In particular, in some preferred 
embodiments of the invention the anastomosis connection is an intima-to-intima connection. 
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(k) The type 




irce 



holding the vessel together. 




s attachment means are 



provided in accordance with preferred embodiments of the invention, including, mechanically 
pushing the two contact surfaces together, for example utilizing pins piercing both surfaces, 
glue, welding and/or plastic flowable material provided at and/or around the anastomosis 
connection. 

(1) The strain on the blood vessel. The strains are mainly a result of a blood vessel 
being maintained in an unnatural configuration because of the anastomosis. In a preferred 
embodiment of the invention, the type of strain may be traded off with the type and/or quality 
of the connection. For example, strain may be a result of eversion. In a preferred embodiment 
of the invention, for a given procedure, no eversion is required, or eversion may be limited 
only to a blood vessel which can take the strain. In some embodiments, strain may be the result 
of stretching a pinhole in a "side" connected vessel. In a preferred embodiment of the 
invention, a larger hole may be made in this vessel to reduce the strain. In addition, strain may 
be a result of bending or everting a blood vessel. Various types of eversions are provided for in 
some of Figs. 3A-30. In a preferred embodiment of the invention, some of the strain is carried 
by the anastomosis connector itself. Preferably, the connector is attached to the vessels at 
many points, so that the strain may be divided over all the connections. In addition, if one 
connection fails, this does not necessarily mean the anastomosis will leak. Another type of 
strain is the result of the contact area being substantially non-planar, as for example in a 
diagonal connection or in an end-to-side connection between two vessels of similar diameters. 
Preferably, the connector achieves a non-planar shape to conform to the shape of the contact 
area, thereby minimizing the tension on the vessels. Alternatively or additionally, the graft is 
precut to have a non-flat end, so as to reduce the strain on it. 

In some cases, the long term strain is minimized. Alternatively or additionally, the 
strain applied during the anastomosis is minimized. Alternatively or additionally, a tradeoff is 
achieved by which an acceptable strain is present. Preferably, the type of anastomosis 
performed takes into account a maximum desired strain threshold. 

(m) The requirement to provide the anastomosis connector through a narrow-diameter 
catheter lumen. In a preferred embodiment of the invention, the connector is expandable 
and/or distortable, so that it may be conveyed in a configuration which fits a desired lumen 
size. Alternatively or additionally, the connector comprises a plurality of staples or other local 
connectors and the connection is made using an expandable anvil or framework which is 
brought through the lumen and expanded to have a diameter larger than the cross-section of 
the anastomosis. Alternatively or additionally, the minimum diameter of the graft with the 
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Learnay also be controlled and is differenWRi: 



connector attache^nay also be controlled and is differeiSMffi: different types of connectors 
and/or connection configurations. For example, configuration 82 in Fig. 4B can have a smaller 
diameter than configuration 80. 

(n) Turbulence. The connection between the two blood vessels may cause turbulence, 
5 stagnation and/or clotting. In a preferred embodiment of the invention, the angle and/or size of 
the anastomosis is selected to minimize turbulence. Alternatively or additionally, a connector 
type and/or an anastomosis type is selected to minimize turbulence, for example, by providing 
a low profile anastomosis connection. 

(o) Blockage of the graft or the end-vessels. In a preferred embodiment of the 
10 invention, most or all of the anastomosis connection is outside the blood vessels, so that the 
flow of blood in the anastomosis area is minimally impeded. Alternatively or additionally, in 
large blood vessels, a small portion of the cross-section may be sacrificed to achieve a better, 
faster and/or lower cost anastomosis. 

Figs. 3A-30 illustrate different types of side-to-end and end-to end anastomosis 
15 connections (with no connector shown), achievable in accordance with preferred embodiments 
of the invention. Figs. 3A-3HA illustrate end-to-side anastomosis connections. Figs. 31-3 O 
illustrate end-to-end anastomosis connections. Typically, an anastomosis connector, as 
described below, either will pierce the blood vessels on both sides of the contact area or will 
follow the contour of the contact area. Alternatively, the connector may be completely outside 
20 the blood vessels. Fig. 3P illustrates a side-to-side anastomosis, in cross-sectional view, in 
accordance with a preferred embodiment of the invention. In a preferred embodiment of the 
invention, an anastomotic connector, for example similar to the connector shown in Fig. 4A is 
provided, for example using a system as described with reference to Fig. 8. Alternatively, the 
tip of the connector is threaded and the connector is rotated to engage and hole the side of the 
25 enclosing vessel. 

Fig. 4A illustrates a one piece anastomosis connector 60, in plan view, in accordance 
with a preferred embodiment of the invention. Connector 60 preferably includes a first spike 
section 64, a central section 61 and a second spike section 66. Preferably, the central section 
comprises a plurality of parallelograms 62. When installed, central section 61 is preferably 
30 closed, for example, by overlapping at the two lines marked "A". This closing may be by 
manual welding, supplying a connector or by connector 60 being formed as a cylinder. 
Alternatively or additionally, connector 60 is formed to naturally assumes a cylindrical shape. 
Alternatively or additionally, connector 60 is simply rolled into a cylindrical shape, without 
the two sides being connected. Although two spike sections, one at each side of the device 
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have been described, i er preferred embodiments of the in^BRon, a fewer or a greater 
number of spike sections may be provided, for example, one, three, four or five. Alternatively 
or additionally, the spikes in a spike section may be arranged in bands around the 
circumference, in axial bands, in groups and/or in other arrangements. Alternatively or 
5 additionally, the spike sections may be formed in the center of the connector or in central 
section 61. 

In a preferred embodiment of the invention, all the parallelograms 62 are of equal size. 
Alternatively or additionally, they are not all the same size and/or shape, for example to better 
control the final geometry of the connector or the deployment of the spikes. In a preferred 

10 embodiment of the invention, section 61 comprises a plurality of bands, each of which has a 
different parallelogram size and/or shape, for example for providing an hour-glass or a tapered 
profile. The bands may be radial. Alternatively or additionally, the bands are axial, for 
example, to control particular spikes provided along or at an end of the band. Alternatively or 
additionally, a different spatial distribution of parallelograms is used. The spikes may be 

15 connected at outer vertexes 72 of section 61. Alternatively or additionally, some or all the 
spikes of at least one of the sides are connected to inner vertexes 74. The ratio between an 
axial radius 70 and a radial axis 68 of the parallelogram is preferably a controllable property of 
the device. 

Connector 60 may be formed to have elastic tensions in portions thereof so that it has a 
20 resting shape other than that of a cylinder. Preferably, connector 60 comprises a super-elastic, 
elastic and/or shape-memory material. While being deployed, connector 60 is preferably 
maintained in a desired geometry using mechanical restraints. Alternatively or additionally, 
connector 60 is formed of a shape-memory alloy, which is activated when the connector is 
deployed. Alternatively or additionally, at least portions of connector 60 are formed of a 
25 plastic material, which is plastically distorted, for example by a balloon, into a desired 
configuration. These different elastic characteristics may be combined in a single device. For 
example, the spikes may have a super elastic, elastic or shape-memory tendency to fold out 
and grab tissue and the cylinder may be super elastic, elastic or shape-memory, so that when 
relived of constraints, it expands radially slightly, thus providing room for a balloon to be 
30 inserted therein. The rest of the deformation is preferably provided by plastic deformation. 
Alternatively or additionally, some portions of connector 60 may be specifically made weaker 
so that any plastic deformation tends to concentrate at those locations. Thus, it is possible to 
predetermine where connector 60 will bend, when inflated by a balloon, for example. 
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central section 61 welded to super-elastic or shape-memory spikes (e.g., NiTi). Possibly, the 
spikes are fonned with a ring, possibly containing whole or partial parallelograms, which ring 
is welded to section 61. Possibly, the connector is cut, preferably using a laser, after it is 
welded. Alternatively or additionally, the connector is first welded then cut. Alternatively, the 
connector is all fonned of a super-elastic, elastic and/or shape-memory material, which 
material is annealed at portions thereof, for example at central section 61, to not have an innate 
tension. Alternatively or additionally, the material is annealed to make is a more plastic 
material. 

In some preferred embodiments of the invention, connector 60 is, at least to some 
extent a passive device, whose final geometry is determined by external considerations, such 
as by a balloon which expands the connector or by additional shaping elements which may be 
provided at the connector during deployment thereof. Alternatively or additionally, connector 
60 is, at least to some extent, an active device, for example being composed of shape-memory 
material. In an active device, the forces that determine the devices shape arise from the device 
itself. Typically however, some control over the device's final configuration, can be exerted by 
providing suitable restraining elements while the device is being deployed. 

In a preferred embodiment of the invention, connector 60 is an assistive device, whose 
passive responses to external forces and/or activity as a result of internal forces are directed 
towards assisting the anastomosis process as a whole and/or particular steps thereof. An 
assistive anastomosis device preferably aids the anastomosis process in one or more of the 
following ways: 

(a) Grasping tissue so it does not move during critical steps of the anastomosis. 

(b) Everting and/or guiding the eversion of one or both vessel so that a desired type of 
intima contact is achieved. 

(c) Exerting pressure between tissue portions, especially to stop blood leakage. 

(d) Aligning of the connector and/or the blood vessels. One particular type of 
alignment is self-centering of the connector in the aorta. 

(e) Tightening. One type of tightening assistance is tightening limitations, to avoid 
over-tightening of the device during deployment. Another type of tightening assistance is self 
tightening, so that the device does not become loose during the time after it is implanted and 

(f) Deployment of the connector in steps, rather than as a continuum. In some preferred 
embodiments of the invention, the deployment of the device is in clearly defined steps. Thus, 
the results of each step can be checked for suitability. Also, a single step can be undone and or 
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adjusted, if necessary. * ier, the treating physician can work l^^lower pace, if necessary. 
Alternatively or additionally, the tissue has time to achieve a steady state between steps, 
allowing better control over the deployment. One example of a step-by-step deployments is if 
first the front spikes extend, the extension (when completed) releasing a restraint which allows 
the connector to expand, thereby causing axial shortening. The restraint may be released, for 
example, by a base of the spike moving or twisting. 

(g) Piercing and expanding holes in blood vessels. In a preferred embodiment of the 
invention, the end of connector 60 (when un-expanded) can serve as a tip for piercing a blood 
vessel. Alternatively the end of connector 60 can serve as a device (possibly a punch or a 
portion thereof, such as the outer tube) for cutting out a portion of the vessel wall. 
Alternatively or additionally, connector 60 may expand inside the hole thereby increasing its 
radius. 

In a preferred embodiment of the invention, the maximum radial expansion in the 
center of the connector is smaller than at it upper or lower (axial) ends. Thus, when inflated it 
will assume an hour-glass form, so that it holds better. Such a form may also assist in everting 
the tips of the graft and/or the aorta. Also, such a form may assist in self-centering of 
connector 60 in the hole made in the side of aorta 30. Alternatively or additionally, the 
connector is made stiffer at its center, so that when inflated by an elastic balloon, the connector 
will tend to expand more at its ends that at its center. In a preferred embodiment of the 
invention, different levels of stiffness may be achieved by varying the shape of the 
parallelograms and/or the thickness of the sides and/or by surface treating portions of the 
connector and/or by heat-treatment of portions of the connector and/or by using special 
coatings on portions of the connector. 

In a preferred embodiment of the invention, the connector is not symmetrical in its 
final configuration, around its axial axis and/or around a radial line. In one example, the lower 
portion has a maximal radial expansion higher than the upper portion. In a preferred 
embodiment of the invention, this asymmetry matches characteristics of the connection type 
and/or the relative sizes of the blood vessels. In a preferred embodiment of the invention, the 
parallelogram's sizes and stiffness' are varied so that the connector everts over itself, possibly 
90 or 180 degrees and/or assumes the shape of a top-hat, with a "T" cross-section. This type of 
connector may be used as a "T" shaped patch to patch a failed side-tc-end anastomosis. 
Alternatively or additionally, this type of configuration is used for everting a "side" interface 
of an anastomotic connection. 



52 



In a prefei^^^mbodiment of the invention, elemeij^^^pes other than parallelograms 
are used; for example, other four-sided shapes, pentagons, hexagons, circles and/or arbitrary 
shapes formed of straight lines and/or curved lines. In a preferred embodiment of the invention 
where a triangular shaped element is used, preferably one of the sides of the triangle is pre- 
5 formed so that when it is distorted it folds out to engage tissue and does not fold out into the 
blood stream. 

In a preferred embodiment of the invention, connector 60 is radioactive, preferably, to 
retard intimal growth. Preferably, the level of radioactivity is not constant along the length of 
the connector. Preferably, portions of the connector which are at or near the contact between 

10 the two blood vessels are not radioactive. Alternatively or additionally, only portions of the 
connector which are in contact with the blood are radioactive. Alternatively or additionally, the 
spikes are not radioactive, at least in portions thereof which engage the vessel walls. 

Alternatively or additionally, the resting form of connector 60 is not a simple cylinder. 
In a preferred embodiment of the invention, the connector naturally assumes a form shown by 

15 one of the cross-sections in Fig. 4B, below. Alternatively, such a shape may be dictated by a 
suitably shaped anvil-balloon, against which the connector is expanded. 

One characteristic of some preferred embodiments of the connector shown in Fig. 4A, 
is a coupling between radial expansion and axial contraction. In a preferred embodiment of the 
invention, when connector 60 is expanded in a radial direction, it contracts in an axial 

20 direction. An example of this relationship is illustrated in Figs. 4B-4D that show different 
amounts of radial expansion. 

Fig. 4B shows in cross-section two possible starting configurations, 80 and 82, for 
mounting a connector 60 on a graft 38. In both configurations, spikes 66 are bent and spikes 64 
are bent to engage the graft. Flowever, in configuration 80, spikes 64 conform to the outside of 

25 the eversion of the graft, while in configuration 82, spikes 64 pierce through the everted 
portion of the graft. Typically only one of configurations 80 or 82 will be used in any 
particular connection. In some cases however, both configurations may be used in a single 
connector. 

In Fig. 4C a wall of aorta 30 is shown in cross-section, where it is not yet engaged by 
30 spikes 66. This configuration is preferably achieved by pushing the configuration of Fig. 4B 
out of the aorta, along a guide wire, until the evened part of graft 38 comes into contact with 
the aorta, as shown in Fig. 4C. 

Fig. 4D shows the result of expanding a balloon inside graft 38. As a result, the inner 
radius of connector 60 increases. Simultaneously, the hole in aorta 30 may also be expanded. 
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into the aorta and whic^orces together the everted portion of graft 38 and aorta 30. In this 
anastomosis two surfaces which are forced into contact are indicated in Fig. 4D as 84 and 86 
respectively, namely (i) the aorta and the side of the graft and (ii) the inside of the aorta and 
the everted portion of the graft. Although connector 60 runs along one (configuration 82) or 
both(configuration 80) of these surfaces, there is a large amount of tissue-to-tissue-contact, 
since the connector is preferably not a solid surface. 

As can be seen in Figs. 4B-4D, various types of spikes and spike deformations may be 
practiced in accordance with preferred embodiments of the invention. The spikes may extend 
at an angle to the surface of, for example, 45°, 90°, 135° 180° (parallel with an offset) or 270°. 
Typically, the spikes are extended at one angle (possibly 0°) before deployment and the 
deployment changes the angle. The deployment of the connector may deform the spikes in 
several ways: the spikes may bend an additional amount, for example 45 or 90 degrees; and/or 
the spikes may extend in a same direction, for example as spike 66 does in Fig. 4D. In 
addition, the axial shortening of the connector may also affect the position of the spikes, 
effectively shortening or lengthening them. As can be appreciated, a single connector may 
utilize a plurality of spike angles and deployment methods, possibly in a non-symmetric 
manner. The direction of the spike deformation can be axial, perpendicular to the connector 
surface, parallel to the connector surface or a combination thereof. Some ways of achieving 
perpendicular deployment are described with reference to Figs. 7C-7N. 

In a preferred embodiment of the invention, connector 60 has a non-constant thickness. 
In a preferred embodiment of the invention, the non-constant thickness is used to provide 
varying amounts of elasticity and plasticity to different parts of the connector. Alternatively or 
additionally, increases in thickness, for example as shown at locations 88 in Fig. 4D, possibly 
comprising a ring around the connector, are used to provide a better seal against blood 
escaping the anastomosis. 

Fig. 4E is a plan view of an anastomotic connector 360, in accordance with a preferred 
embodiment of the invention. Several features are illustrated in connector 360, not all of which 
are required in a single connector. A first feature is wires 362 which interconnect spikes 361 of 
the connector. These wires limit the maximum expansion achievable by the spike portion of 
the connector. Alternatively or additionally, these wires stop spikes 361 from digging too 
deeply into the blood vessels. If the spikes dig in deeply enough, the blood vessel will contact 
the parallelograms, which being "V" shaped at the point where they contact the spikes, could 
mangle the blood vessel. In some preferred embodiments of the invention, the "V" shaped 
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expansion at the of spikes may be used to slice throu^pgraft which is transfixed on the 
spikes, by expanding the radius of the connector such that the graft is forced to expand over 
the base of the spikes and be cut. 

A second feature is struts 364 that form smaller parallelograms at the base of the 

5 spikes. These struts can serve the purpose of allowing a larger number of spikes than 
parallelograms in a circumference. Another purpose they can serve is limiting the radial 
expansion of the spike area, thereby limiting the expansion of the anastomosis opening, for 
example so avoid ripping the graft by over expansion, while allowing the rest of the connector 
to expand to a radius greater than that of the graft, if necessary. Another purpose they can 

10 serve is as a stop to stop the vessel from destroying itself on the parallelograms. The terms 
"wires" and "struts" as used herein are used to differentiate between the functions of two 
structural elements: wires apply tension, while struts can withstand compression and torque, to 
some extent. Both struts and wires may be connected between spikes, parallelogram sides, 
and/or parallelograms vertices. Additionally, struts and wires may be connected parallel, 

15 perpendicular or at a different angle to the connector axis. 

A third feature is a tissue block 366, which can serve to prevent the blood vessel from 
slipping off the spikes. A fourth feature is a tissue block 368, which limits the advance of the 
blood vessel along the spike. The two types of blocks (and/or any of the above features) can be 
used in conjunction, to define an area of the spike within which the vessel will come to a rest. 

20 Figs. 4F-4I illustrate anastomosis connectors which require a minimum amount of 

physician intervention, during deployment, in accordance with a preferred embodiment of the 
invention. 

Figs. 4F and 4G illustrate a connector 558, in which one set of spikes 562 is formed 
into a tip 560, which tip is used to penetrate vessel 30. In Fig. 4F, connector 558 is shown 
25 before expansion and in Fig. 4G, connector 558 is shown after expansion and the completion 
of the anastomosis. 

In a preferred embodiment of the invention, connector 558 is plastically expanded 
using a balloon 566. Alternatively, connector 558 is formed of a super-elastic, elastic or shape- 
memory material which distorts by itself into the form shown in Fig. 4F. In a preferred 
30 embodiment of the invention, tip 560 is maintained by a guide wire (not shown) which 
engages rings or hooks (not shown) on the inside of spikes 562. When this guide-wire is 
retracted, the spikes can bend, for example into the geometry shown in Fig. 4G. Alternatively, 
spikes 562 are in a bi-stable state (as described below), in which the spikes can either be in the 
form of a tip 560 or in the form of individually deployed spikes. In a preferred embodiment of 



the invention, spikes 5,f^-e moved from a stable state by th^^e applied by vessel 30 
against tip 560 or against the base of the spikes. Alternatively, the stable state may be 
unbalanced by a partial inflation of a balloon inside tip 560, by allowing expansion of 
connector 558 or by applying force against tip 560 from inside the connector. 

In a preferred embodiment of the invention, tip 560 has a step profile, as indicated by 
reference 568, which limits the advance of tip 560 to a desired penetration depth, at which the 
expansion of the connect preferably has the desired effects. Force against this step may also 
dislodge the restraining wire and/or upset the stable state in a bi-stable spike configuration. 
Alternatively, the profile is a continuous profile. Preferably, tip 560 is smooth. Alternatively or 
additionally, tip 560 comprises barbs (to prevent retraction) and/or is at least partially 
threaded. 

In some preferred embodiments of the invention, device 558 is used for an oblique 
anastomosis. In a preferred embodiment of the invention, step profile 558. is oblique, to 
support an oblique hole making. Alternatively or additionally, the cross-section of tip 560 has 
a non-circular which is not centered on its axis, for example the tip having the geometry of an 
off-center cone, so that a non-oblique insertion angle presents less resistance than a 
perpendicular one. 

Alternatively or additionally, an external restraining sleeve 570 is provided. In a 
preferred embodiment of the invention, sleeve 570 includes one or more protrusions which are 
forced back by contact with vessel 30. When these protrusions move back, the restraint of 
sleeve 570 is lessened or removed, allowing the connector and especially tip 560, to expand. 

Figs. 4H and 41 illustrate a connector 572, in a restrained configuration and in an 
expanded configuration, respectively. Forward spikes 574 of connector 572 are preferably 
restrained by a hollow tip 576, which can also be used for penetrating the wall of vessel 30. 
Back spikes 578 are preferably restrained by a sleeve 582. In Fig. 4H connector 572 is shown 
after insertion into vessel 30. In a preferred embodiment of the invention, the advance of 
connector 572 is limited by one or more arms 580 (or a ring) which protrudes from connector 
572 (shown only in this Fig.). Alternatively or additionally, the advance is limited by a 
protrusion 584 from the restraining sleeve, through which sleeve the advancing force is applied 
(shown only in this Fig.). Alternatively or additionally, the advance is limited by connector 
572 having an hour-glass shape or by a widening of the back of the connector (not shown). 

In Fig. 41, tip 576 has been advanced, releasing forward spikes 574 to engage the 
vessel. Sleeve 582 has been retracted to release back spikes 578, to also engage the vessel. 
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In a preferrftnbodiment of the invention, if the ^pyment of the device is not 
satisfactory, the device may be expanded using a balloon. Preferably, the device has a 
temperature transition for losing its elastic properties at about body temperature. Thus, a few 
seconds after the connector is inserted, it behaves, at least in part, as a plastic material. 

As can be appreciated, some of the devices described herein may be applied in a one- 
or two-step process, in which a physician has only to advance the connect/graft against a blood 
vessel to perform an anastomosis. It should be noted that the device of Fig. 4F (in some 
embodiments thereof, for example super-elastic embodiments) may also be applied without an 
object in the lumen of the graft, thus being suitable for both sides of an anastomosis, for 
example in key-hole surgery. Additionally, the anastomosis process is preferably fast enough 
so that it may be performed even with a beating heart, even on an aorta, with a low a risk of 
hemorrhage. 

Fig. 5 is a graph illustrating various possible relationships between radial expansion 
and axial contraction in anastomosis connector 60, achievable using different angles for the 
parallelograms and/or various struts, wires and/or ratchet mechanisms, described below. As 
shown in Fig. 5, both positive and negative couplings are possible. In addition, the coupling 
may be dependent on the instant radius of the connector. Thus, in a fully inflated 
configuration, additional inflation will not provide much additional axial contraction. A 
reference number 85 indicates a positive, decreasing coupling, where increasing the diameter 
increases the axial dimension, however, to a lessor degree as the radius increases. A reference 
number 87 indicates a negative, constant relationship, whereby increase in radius always 
decreases the axial dimension. A reference number 89 indicates the coupling described above, 
whereby a large axial shortening is achieved when the radius is small and a small axial 
shortening is achieved when the radius is large. References 81 and 83 indicate non-monotonic 
coupling, where the decrease in axial dimension is relatively constant over a "working range" 
of the device. 

In a preferred embodiment of the invention, the spikes are not straight (as shown in 
Fig. 4A). In a preferred embodiment of the invention, the spikes are tapered over a 
considerable portion of their length. Alternatively or additionally, the spikes are jagged. 
Alternatively or additionally, the spikes have an inverse taper or are barbed, so that they form a 
more stable connection. Alternatively or additionally, instead of spikes, the "spike" portion is a 
relatively continuos surface, such as a band, which surface can evert in a manner similar to a 
rivet, and thereby engage the blood vessel. 
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In a preferred emj^^nent of the invention, the lumen of anastomotic connection is 
circular. However, in some preferred embodiments of the invention, a non-circular connector 
lumen may be preferred, for example an oval lumen, a polygonal lumen or a figure "8" lumen. 
Alternatively or additionally, the diameter and/or geometry of the lumen may vary along the 
lumen. The outside form of the connector is generally the same as the lumen. However, in 
some embodiments, the outside of the connector may include protrusions or may have a 
different geometry (and thus varying thickness) than the lumen. In some embodiments of the 
invention, the center of the lumen lies along a curved or piece-wise line. Such an embodiment 
may be useful for inducing certain desired flow patterns in the flow at the anastomosis 
connection. Alternatively or additionally, the inner surface of the lumen includes protrusions 
for forming such a desirable flow pattern. 

In some case, it may be desirable for the anastomosis connection to be oblique, for 
example to provide betted blood flow dynamics. An oblique connection may be additional or 
alternative to the use of a non-circular lumen cross-section (cross-section measured 
perpendicular to the end vessel main axis). 

Fig. 4J illustrates an exemplary oblique anastomotic connector 579 in top, isometric 
and side views thereof. Fig. 4K illustrates connector 579, as deployed in a completed oblique 
anastomosis. It should be appreciated that many of the connectors described herein may be 
made oblique by varying their structure. In some cases, it may be desirable to match the spike 
lengths and/or extension to the oblique angle of the device, to prevent damage to the blood 
vessels. 

Figs. 6A and 6B illustrate an alternative one piece anastomosis connector 90, in 
accordance with a preferred embodiments of the invention. In Fig 6A the connector is shown 
in plan view, in a compressed configuration. Dots 92 indicate short spikes which are preferably 
used to engage the blood vessels. In a preferred embodiment of the invention, however, the 
connector will be attached to graft 38, as shown in Fig. 6C, prior to inserting the graft into the 
body. 

When inflated and/or allowed to return to a resting condition, some of the spikes and 
the band to which they are attached fold up and some fold down, resulting in the configuration 
of Fig. 6B, which illustrates connector 90 in its final configuration. Figs. 6C-6E illustrate steps 
in achieving this configuration. 

In Fig. 6C, connector 90 is mounted on a graft 38. A plurality of inner arms 96 are 
inside the graft, a plurality of spikes 94 on the arms do not engage tissue and the graft itself is 
not everted. The arms may comprise substantially rectangular pieces. However, In a preferred 
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embodiment of the sB&tion, the arms comprise a Gaussian- lj^br half-sine-wave) portion of 
metal which has a spike at its tip. Thus, connector 90 preferably has a smooth outline. In Fig. 
6D, the graft is expanded, for example using balloon or relaxing a constraint on a super-elastic, 
elastic or shape-memory connector 90, so that arms 96 bend out and the graft becomes everted. 
In Fig. 6E, either the expansion is continued or connector 90 is squeezed against a balloon, so 
that spikes 94 engage the aorta. Connector 90 may be squeezed for example, by providing one 
balloon on each side of the connector and inflating the balloons. Alternatively or additionally, 
the body of a catheter (not shown) may provide an anvil against which connector 90 is 
compressed. 

In the example of Figs. 6A-6E, the connector supports a multi-step connection process, 
in which each additional inflation further modifies the shape and/or configuration of the 
connector and advances a step of the connection, i.e., engaging the graft, everting the graft and 
finally engaging the aorta. Each one of these steps may be mediated and/or assisted by a 
different part of the connector. 
15 In a preferred embodiment of the invention, a different type of connector is provided, 

formed of a soft material, for example silicone. This connector comprises a tubular portion, 
which engages either the inside or the outside of the graft and one or more leaves which fold 
out against the inside of the aorta. In a preferred embodiment of the invention, these leaves 
include barbs which engage the aorta. Alternatively or additionally, the tubular portion 
20 includes a depression which engages the cross-section of hole 35 (Fig. 2A). Alternatively or 
additionally, the tubular section includes a ring, embedded in the soft material, which 
maintains the cross section of the hole 35 and/or in which the depression is formed, so the 
connection does not slip. In some embodiments, no leaves are required. 

In a preferred embodiment of the invention, the soft material comprises a graft 
25 material, preferably a biological graft material, inside of which an expandable ring is 
embedded. Alternatively or additionally, the graft is everted 180 degrees over such a ring. The 
everted portion of the graft is inserted into the hole in aorta 30 in a compressed form and when 
it is expanded it opens the hole and the graft-covered ring engages the walls of aorta 30, in a 
groove along the outer rim of the ring. 

Figs. 7A-7B illustrate a pin based ring anastomosis connector 100, in accordance with 
a preferred embodiment of the invention. Fig. 7 A shows connector 100 in a radially 
compressed configuration. Dots 102 indicate spikes. Connector 100 may be used by itself to 
affect anastomosis. Alternatively or additionally, connector 100 may be used with a second, 
possibly similar ring. Fig. 7B shows connector 100 after it is deployed, in conjunction with a 
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second ring 108. Spi^^04 of ring 100 engage pre-fonns^^oles 106 in ring 108. 
Alternatively or additionally, spikes 104 may be longer than shown and fold back after 
piercing graft 38 and aorta 30. Thus, a second ring may not be required, although one may be 
provided as a base for the folded back spikes. Preferably, the rings are folded back against an 
anvil, for example an inflatable balloon or a collapsible ring structure which is urged against 
the spikes for bending them and then removed from the body. 

In a preferred embodiment of the invention, both rings 100 and 108 include spikes and 
pre-formed holes. Alternatively or additionally, at least one of the rings has only spikes or only 
holes. Alternatively or additionally, to holes 106, ring 108 may have formed therein a groove 
or a plurality of closely-set holes which spikes 104 may engage without aligning the two rings. 
Alternatively or additionally, spikes 104 engage a piercible friction material, such as silicone, 
which holds the spikes, for example by friction, instead of or in addition to holes 106. The 
entire ring or portions thereof may be formed of the friction holding material Alternatively or 
additionally, the friction holding material may comprised in a layer on top or below a non- 
piercible portion of the ring. In a preferred embodiment of the invention, spikes 104 are 
jagged, to better engage the friction material. 

Figs. 7C-7N illustrate various mechanisms for extending spikes out of a surface of the 
anastomotic device, in accordance with a preferred embodiment of the invention. Alternatively 
or additionally, these mechanisms may be used to control other aspects of the connectors' final 
or intermediate geometry, for example internal radius, shape and/or local variations in the 
geometry, such as the provision of ratchet mechanisms and/or other mechanisms which lock 
the spikes and/or the final connector geometry. 

Figs. 7C and 7D illustrate a strut based system in which a strut limits the distortion of a 
parallelogram. However, when the parallelogram is distorted, so that its width (perpendicular 
to the connector axis) increases, its length, or at least the distance between the top and bottom 
vertices, must decrease. As the strut is non-compressible, but bendable at a designated portion 
thereof, when the parallelogram width is increased by the expansion of the connector, the 
parallelogram bends out of the plane of the connector so that the two vertices which are 
connect to the strut come together. Fig. 7C illustrates a connector 370 having two bands 372 in 
which some or all of the parallelograms include axially-disposed struts 374 which limit the 
axial extension and/or shortening of the parallelogram. A smaller or larger number of such 
bands may be provided. Additionally, bands, or individual strut-including parallelograms may 
be provided at other parts of the device, for example for spikes which are in the middle of the 
device or to cause the device to have bumps. In a preferred embodiment of the invention, the 
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parallelograms th^Klves serve as the spikes. Alternative additionally, extensions of the 
parallelograms, for example a spike 375 may be provided. 

Fig. 7D is a table illustrating front, side and top views of a single parallelograms, a 
cross-sectional view and a complete connector 370, respectively, in a state before deployment 
and in a state after deployment. A weakening 376 is shown in a middle (or other desired point) 
of strut 374, to promote bending of strut 374 at that particular point. In addition, a weakening 
may be selectively applied to the outside of the inside of connector 370, to promote inward or 
outward folding. Alternatively, the direction of folding is determined by a balloon which is 
inside the connector when it expands. 

Figs. 7E and 7F illustrate a connector 380 in which spikes are extended by a change in 
surface geometry of the connector. As shown in Fig. 7E, the connector has a radius R2 and a 
smaller radius Rl, where the smaller radius is at portions of the connector which are distorted 
inwards. A plurality of spikes 384 are each connected to a base plate 382. In the embodiment 
shown, the spikes are generally perpendicular to the base plates and the base plates are parallel 
to the connector surface. However, due to the distortion of the connector, the surface, at least 
in the area of the base plates is substantially perpendicular to the a circle enclosing the 
connector, so the spikes do not extend from the surface. Once the connector is expanded, as 
shown in Fig. 7F, the surface of the connector (at least in the areas of base plates 382) is 
parallel to the enclosing circle and the spikes extend. 

Fig. 7G illustrates a connector 390 similar to connector 380 of Figs. 7E and 7F. 
However, instead of the surface of the connector being non-circular, as in Figs. 7E and 7F, a 
plurality of base plates 394 are not parallel to the surface of the connector. Instead, base-plates 
394 protrude into connector 390. A plurality of spikes 392 are attached to the base plates at an 
angle, preferably being perpendicular, but in some cases, a smaller angle, such as less than 70°, 
less than 60° or less than 40°, may be desired. When a balloon is expanded inside connector 
390, the base-plates are urged against the sides of connector 390, so that they are substantially 
parallel to the surface. Thus, spikes 392 are extended. 

In some preferred embodiments of the invention, at least some of the spikes are 

extended super-elastically, or elastically, for example by the spikes being made of a suitable 

material (e.g., super elastic) or by the spikes being connected to a base formed of a suitable 

material (e.g., super-elastic). The super-elastic or elastic portion is "trained" to a configuration 

where the spikes are extended and then the spikes are collapsed and restrained. When the 

connector is deployed, the restraints are relaxed and/or removed and the spikes return to their 

previous position. Alternatively to super-elastic materials, the spikes or their base may be 
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formed of a shape-meril^PxLaterial. During deployment, the splWFare preferably heated to 
above the transition temperature and they extend. Possibly, the transition temperature is below 
the body temperature. Alternatively, the connector is heated, for example using a heated 
balloon or by radiating radiation, such as RF or ultrasound, at the connector. 

Fig. 7H shows a super-elastic, elastic or shape-memory connector 396 in a collapsed 
configuration, in which a plurality of spikes 392 are radially collapsed. Fig. 71 shows the same 
connector after the spikes extend radially. 

Fig. 7J shows a super-elastic, elastic or shape-memory connector 400 in a collapsed 
configuration, in which a plurality of spikes 402 are axially collapsed. Fig. 7K shows the same 
connector after the spikes extend axially. 

Figs. 7L and 7M illustrate a geometry in which the connector itself forms a restraint to 
prevent the extension of the spikes. When the connector is distorted, for example as a result of 
expansion the restraint is released and the spikes extend. 

In Fig. 7L, a parallelogram 404 is shown in a front and a side view. The extension of a 
spike 406 is restrained by the body of the parallelogram. When parallelogram 404 is distorted 
in the direction of an arrow 408, the restraint is released, (because the spike is shorter than the 
new diagonal of the parallelogram) and the spike can extend, as shown for example in Fig. 
7M. 

Figs. 7P-7R illustrate a two stage folding of a pair of spikes, in accordance with a 
preferred embodiment of the invention. 

Fig. 7P illustrates a schematic connector 600, having a single parallelogram band with 
a spike at each end. Each parallelogram is formed of at least a first, outside parallelogram 604 
and at least one inner parallelogram 602. For simplicity, two spikes are shown extending from 
the parallelogram, each spike being formed by an inner extension 610 and an outer extension 
608 which combine at a tip 606 of the spike. In addition, a plurality of weakenings 612 are 
preferably provided along the spike. As can be noted from the figure, the angles of inner 
parallelogram 602 . are different than from outer parallelogram 604. Thus, when the 
parallelogram is radially expanded, inner parallelogram 602 is distorted more. As a result, 
extension 610 shortens more than extension 608, causing the spikes to fold (shown in Fig. 7Q, 
possibly in a manner similar to a human finger). As the radial expansion continues, outer 
parallelogram 604 is also distorted, causing the spike to bend some more (shown in Fig. 7R). 
Alternatively to two parallelograms, three or more concentric parallelograms can be provided. 
In some preferred embodiments of the invention, asymmetric geometric shapes are used 
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instead of the paraflfTo grams, which shapes may be differei 




the inner and outer elements 



and/or be oriented differently, so that other bending effects can be achieved. 

Figs. 7S-7T illustrate a connector 612 with canti levered spikes 614, in accordance with 
a preferred embodiment of the invention. For an individual parallelogram 622, a spike 614 is 

5 attached at one end to an inner vertex 618 and somewhere along its length to a lever 616, 
which is attached to an outer vertex 620 of the parallelogram. When the parallelogram is 
radially expanded, it axially shortens, until the spike is bent by lever 616 to be perpendicular to 
connector 620. By providing a plurality of levers 616 at different points along spike 614 
(possibly each lever attached to a different size and/or shaped parallelogram), other bending 

10 effects can be achieved. The end of spike 614 is preferably pre-bent to a certain angle. Fig. 7T 
shows side-cross-sectional views of connector 612, during deployment. A reference 624 shows 
connector 612 prior to radial expansion, a reference 626 shows an intermediate state and a 
reference 628 shows a final deployment state. 



15 steps by each extension step utilizing a different mechanism and/or a different triggering. In 
one example, a first extension step is by super-elastic restoration (triggered by releasing of a 
restraint) and a second extension step is by twisting of the spike base by radial expansion of 
the connector (triggered by expansion of the connector). 



20 their base may be formed of a bi-metal which distorts as a result of body heat. Alternatively to 
using two dissimilar metals, one of the "metals" may be formed of a non-metallic bio- 
compatible material, such as a ceramic material or a plastic material. 

In an alternative embodiment of the invention, a spike may be extended by protrusions 
on the balloon that expands the connector. Preferably, the balloon is aligned with the 

25 connector so that the protrusions can apply force to the correct portions of the connector. 

Figs. 7U-7V illustrate a bi-stable spike configuration 630, in accordance with a 
preferred embodiment of the invention. Configuration 630 comprises a parallelogram 632 and 
a spike 634. In a preferred embodiment of the invention, spike 634 has a non-flat profile, for 
example an arc-segment, seen more clearly in Fig. 7V. In a preferred embodiment of the 

30 invention, spike 634 has two stable states, a first one shown in Fig. 7U, in which the profile of 
the spike keeps it straight and a second one shown in Fig. 7V, in which the spike bends at a 
desired location. In a preferred embodiment of the invention, when parallelogram 632 is 
distorted (by expansion or by being pressed against by a balloon), the profile of the spike is 
flattened, allowing it to bend as shown in Fig. 7V. In a preferred embodiment of the invention, 



In a preferred embodiment of the invention, a spike may exhibit two or more extension 



Alternatively or additionally to super elastic and shape memory materials, the spikes or 
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the spike is elastic, sup 




istic or shape-memory, and trained 



to! 




:ain bend. However, the 



spike is prevented from bending by its profile. Alternatively or additionally, the spike is bent 
plastically, using a balloon or using other methods, for example as described herein. 
Alternatively or additionally, to a bi-stable configuration, a multi-stable configuration, having 
three or more stable configurations may be used. Additional bi-stable constructions and 
especially cells for the cylindrical portion of the connector, which constructions may be useful 
for anastomotic connectors in accordance with some preferred embodiments of the invention, 
are described in PCT publication WO 98/32412, the disclosure of which is incorporated herein 
by reference. 

Fig. 7N is a plan view of a connector 410 in which a plurality of spikes 412 are 
extended out of the connector plane when the connector is radially expanded (as indicated by 
an arrow 418. In connector 410, the parallelograms of previous embodiments of connectors are 
replaced by ellipses 414. Spikes 412 are connected to a lower side of an ellipse. When the 
ellipse is expanded, the lower side twists and the spikes are extended out of the connector 
plane. Alternatively, the spikes are super-elastic, elastic of shape-memory and twist when a 
restraint is released. 

An additional feature shown in Fig. 7N is a tissue block 422 on a spike 420. This tissue 
block stops tissue from advancing too far onto connector 420. Alternatively or additionally, the 
tissue block causes the spike set on the opposite side of the connector to do the advancing 
when the connector shrinks axially. 

Alternatively or additionally, to parallelograms and ellipses, other geometrical shapes 
may be used for the distorting elements of the anastomotic connector, for example hexagons, 
squares, trapezoids, asymmetric four-sided shapes and circles. Additionally, a plurality of 
different geometrical shapes may be combined in a single connector. 

Fig. 70 illustrates a parallelogram portion 590 of a connector, which portion includes a 
ratchet mechanism for preventing collapsing of the connector, in accordance with a preferred 
embodiment of the invention. Different types of ratchet mechanisms may be suitable. In the 
example of Fig. 70, the ratchet mechanism includes a belt 592 having a plurality of bumps 
598 formed thereon. These bumps are engaged by an engager 596 formed on a mating strip 
594. Reference 586 indicates parallelogram 590 in an un-expanded condition and reference 
588 indicates parallelogram 590 in an expanded position. As the parallelogram expands 
(radially) belt 592 slips through engager 596. As shown by a reference 589, a side view of belt 
592, the bumps may be formed symmetrically (598) or asymmetrically (599). In a preferred 
embodiment of the invention, the asymmetric bumps preferentially restrict backwards 
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movement. Alternl^Ry, the bumps restrict any type of mo nt, and assuming the forces at 
deployment are larger than during the life-time of the device, the connector does not collapse. 
In a preferred embodiment of the invention, such a ratchet mechanism provides a self- 
tightening capability to the device. Although a belt with bumps has been described, other 
ratchet mechanisms may be used, for example, a belt with holes an a single bump on the 
engager. In this embodiment, the engager may be formed at a vertex of the parallelogram, 
possibly eliminating a need for a separate mating strip 594. 

In a preferred embodiment of the invention, the ratchet mechanism may be utilized in 
association with a flexibility of the connector, to restrict the final connector geometry. In one 
example, the ratchet is connected axially, rather than radially. Thus, the radial expansion will 
set the axial shortening, however, even if the device radially shrinks, for example elastically, to 
a "trained" radius, the axial shortening will remain. Thus, it is possible to axially shorten the 
connector without changing the designed radius. In an opposite example, the axial shortening 
may be limited using flexible struts arranged axially in the parallelograms. When the 
connector is radially expanded, it will shorten axially, distorting the struts. When the 
expansion force is removed (e.g., a balloon), the radial expansion will remain, due to a trans- 
axial ratchet mechanism, but the axial shortening will be at least partly undone by forces 
exerted by the flexible struts. Thus, independent control of axial and radial 
expansions/contraction may be achieved using suitable axial and trans-axial ratchet 
mechanisms. 

Figs. 8A-8D illustrate a method of performing an anastomosis in accordance with a 
preferred embodiment of the invention. In Fig. 8 A, a graft 38 is guided along a guide wire 36 
through a hole 118 and out of the aorta. A friction ring 120 is attached to a preferably everted 
portion 116 of the graft. Preferably, a tapering 1 14 is provided to ease the exit of the graft from 
the aorta. A ring 110 with pins 112 is shown positioned further proximally along guidewire 36. 
Alternatively, the ring with the pins may be on the graft and friction ring 120 be further along 
guide wire 36. Alternatively or additionally, no friction ring is provided and pins 112 will 
engage only graft 38 and preferably fold back. In Figs. 8A-8C, the graft and the anastomosis 
connectors are preferably in a compressed configuration. Alternatively or additionally, the 
connectors are expanded before inserting attaching ring 1 10 to ring 120. 

In Fig. 8B, graft 38 is outside aorta 30 and is preferably pulled back against the aorta, 
for example by pulling back guide wire 36. Ring 1 10 is pushed forward so that pins 112 pierce 
aorta 30, graft 38 and friction ring 120. In a preferred embodiment of the invention, ring 120 is 
pushed by inflating a balloon on guide wire 36, just proximal to ring 110, so that the inflation 
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of the balloon pushes th^^ forward. Alternatively or additiona second balloon may be 
inflated on the other side of ring 120, to urge ring 120 towards ring 110. Alternatively or 
additionally, one or both of these pushing forces are applied by pulling wires coupled to graft 
38 and rings 110 or 120. 

In Fig. 8C, the anastomosis is nearly complete, however, an opening 118 is not yet 
expanded. In Fig. 4D, the opening is expanded and the anastomosis is complete. Opening 118 
may be created by making one or both of rings 1 10 and 120 of a super elastic, elastic or shape- 
memory material and by reliving a constraint which maintains them in a compressed 
configuration. Alternatively or additionally, a balloon may be inflated in opening 118 to 
plastically deform the anastomosis connection. Alternatively or additionally, the same balloon 
used for urging the rings together may be further inflated, to expand the opening. In a preferred 
embodiment of the invention, the balloon has two inflation levels, a first inflation level at 
which the balloon urges the rings towards each other and a second inflation level at which a 
more distal portion of the balloon expands radially. Alternatively or additionally, the balloon is 
deflated after urging the rings together, advanced into opening 118 and re-inflated to expand 
the opening. 

It should be appreciated that similar methods may be used in conjunction with a ring 
connector which does not use a second ring and in which the spikes are folded back by 
pushing them against an anvil. A balloon would then preferably perform the function of an 
anvil. Alternatively or additionally, the balloon expands an anvil which then collapses when 

the balloon is deflated. 

Fig. 8E illustrates a friction ring in accordance with an alternate preferred embodiment 
of the invention. Views 1-3 show the ring in a side view and in cross-sectional views, when the 
ring is collapsed. In view 4, the ring is unfolded and has a larger diameter. Portions "A" and 
"B" interleave to form a single ring which is folded such that a top layer comprises of portions 
"A" and a bottom layer comprises of portions "B". In a preferred embodiment of the invention, 
the spikes of ring 1 10 are inserted into portions B of the ring, in Fig 8B above. 

In a preferred embodiment of the invention, the friction ring may include a plastic or a 
super-elastic, elastic or shape-memory stiffener, so a stiff ring is required only on one side of 
the anastomosis. Alternatively or additionally, neither side comprises a stiffener, rather, both 
are relatively flexible. 

Figs. 8F-8I illustrate different relative placements of the ring(s), aorta 30 and graft 38, 
in accordance with preferred embodiments of the invention. In Fig. 8F, ring 1 10 is in the aortic 
blood flow. In addition, an aortic flap 124 may be left dangling as a result of creating the hole 
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in the aorta. In a pmmred embodiment of the invention, su ' aortic flap is pushed put with 
graft 38 and is then trapped by spikes 112 and/or by the pressure between rings 110 and 120 
(shown as flap 124'). In a preferred embodiment of the invention, ring 120 is wider than 
everted portion 116 of graft 38. Thus, ring 120 may form an external seal against aorta 30. 
Preferably, ring 120 includes a depression to accommodate everted portion 116, so that the 
outer portion of ring 120 is flush against the aorta. In a preferred embodiment of the invention, 
ring 120 includes short spikes to which everted portion 116 is attached. Alternatively or 
additionally, ring 120 includes a ridge facing ring 110. 

In Fig. 8G, everted portion 116 of the graft is inside the aorta. In a preferred 
embodiment of the invention, silicon ring 120 is not preloaded on everted portion 116, rather 
ring 110 is so preloaded. To perform the anastomosis, ring 120 is preferably pulled back (or 
pushed back) onto spikes 114, preferably using a balloon on the outside of graft 38. 
Alternatively or additionally, the balloon is inflated inside graft 38, to hold ring 120 from 
inside the graft.. 

In Fig. 8H, everted portion 116 is also inside the aorta. However, ring 110 is now 
between the aorta and everted portion 116. In a preferred embodiment of the invention, ring 
110 includes short spikes 122 which engage everted portion 110. Alternatively or additionally, 
ring 110 is glued or otherwise attached to everted portion 116. In a preferred embodiment of 
the invention, ring 110 includes a sealant material which seals the gap between everted portion 
116 and aorta 30. Alternatively or additionally, ring 110 includes a coating which induces 
blood clotting and/or tissue bonding at the connection. In a preferred embodiment of the 
invention, no ring 120 is used. Rather, spikes 1 14 bend back upon themselves after they pierce 
aorta 30, in a manner indicated above. 

In a preferred embodiment of the invention, preferably where no ring 120 is used, 
spikes 114 are preferably super-elastic, elastic or shape-memory and have a resting state 
whereby the spikes are bent at or near their base. In a preferred embodiment of the invention, 
spikes 114 are maintained at a straight configuration using a thin framework which fits 
between everted portion 116 and aorta 30. Once the pins pass through the aorta, the framework 
is removed, allowing the pins to fold back and/or to bring together everted portion 116 and 
aorta 30. 

In Fig. 81 everted portion 116 is everted by 180 degrees, so there is no non-endothelial 
contact between the anastomosis connector and the blood. In addition, only smooth surfaces 
are presented to the blood (no ragged edge of graft 38), so there is less chance of turbulence. In 
a preferred embodiment of the invention, after the anastomosis is completed, the connector is 
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pushed out of the aorta ? ( j^^rably using a balloon, so that the en onnector is outside both 
blood vessels, for example as in Fig. 3G, with the connector outside the protrusion of the 
anastomosis. 

In a preferred embodiment of the invention, the connection between the rings is 

5 provided by magnetic force, for example as described in "Non-suture micro-vascular 
anastomosis using Magnet rings: Preliminary report", by Obora Y., Tamaki N. and Matsumoto 
S., in Sur Neurol (UNITED STATES) Feb 1978, 9 (2) p 117-120, ISSN 0090-3019, the 
disclosure of which is incorporated herein by reference. In a preferred embodiment of the 
invention, the rings comprises a magnetic material. Alternatively or additionally, only rigid 

10 parts of the rings are magnetic and are situated or held within or between non-magnetic, more 
elastic parts. Alternatively or additionally, only one of the rings is magnetic, with the other 
ring preferably being ferromagnetic. Preferably, the magnetic portion is extra aortic, so that it 
does not impede flow. Alternatively or additionally, a magnetic force may be used to bring the 
two rings together, even if the maintenance of the connection is mechanical. In one example, 

15 indicated above, one ring is magnetic and the other is ferromagnetic. In another example, a 
magnetic force is applied from outside the body, for example using a large electro-magnet. 
Alternatively or additionally, the two rings are magnetized so that they automatically align in a 
desired relative orientation, for example, so that spikes and holes line up. 

In some of the above described embodiments, the ring performs two functions, namely 

20 aligning the spikes with the tissue to be pierced and maintaining the anastomosis opening. In 
addition, the ring exerts pressure along its entire circumference, not only where there are 
through spikes. In some anastomosis connections, some of these functions are not required 
and/or may be performed without a ring. In one example, if a round opening is cut in the aorta, 
there is no need to maintain the opening size. In another example, if the spikes are close 

25 enough together and/or in other situations, there will be no leakage, even if the ring does not 
apply pressure along the entire circumference of the anastomosis. In a preferred embodiment 
of the invention, the alignment function is performed by a framework which is removed after 
the anastomosis is completed. Thus, the completed anastomosis comprises a plurality of spike 
connectors without a stiffening ring. In a preferred embodiment of the invention, the spikes 

30 remain interconnected by a flexible connector, such as a silicone ring. Alternatively or 
additionally, the spikes are not interconnected. In a preferred embodiment of the invention, 
such a framework comprises an anvil against which the spikes are bent. Alternatively or 
additionally, the framework comprises a ring which is removed from the spikes after the spikes 
are inserted. 
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Figs. 8J-8P iftate several embodiments of the inve^i, in which the anastomosis 
device urges the graft radially against the lips of the hole in the aorta. 

Fig. 8J is a side cross-sectional view of an anastomotic connector 424 which is 
positioned in a hole in a wall of aorta 30, but is un-expanded. Connector 424 comprises a 
central section 430, a plurality of upper spikes 428 and a plurality of lower spikes 426. Lips 
430 of a graft 38 are everted 180° over connector 424. Also shown is an un-inflated balloon 
436 which is positioned inside the connector, for expanding it. 

Fig. SK shows connector 424 after balloon 436 is expanded. As explained above, the 
radial exp^ansion causes axial shortening, which shortening causes spikes 426 and spikes 428 
to ensage aorta 30. Preferably, the seal against blood leakage is by the inward pressure of the 
aorta^which pressure acts against the expanded (and preferably relatively rigid) central section 
430. Thus, the spikes are only required in order to maintain the relative positions of the graft 
and the aorta, not for holding the anastomosis together. In Fig. 8K, a portion 437 of lip 432 is 
shown to be everted by spikes 426, possibly forming an additional sealing location in the 
anastomosis. Alternatively, lip 432 is made shorter so that there is no portion 437 to be 
everted. 

In a preferred embodiment of the invention, the pressure-seal between the aorta and the 
graft is enhanced, using a bead 434. In a preferred embodiment of the invention, the bead 
Comprises a thickening of the connector material. Alternatively or additionally, the bead 
comprises a portion of the connector that rotates out of the connector plane. Alternatively or 
additionally, the bead comprises an element that folds out, as described above concerning 
spikes. In a preferred embodiment of the invention, the bead is not continuous, rather, a 
plurality of individual beads are formed around the circumference of the connector. Possibly, a 
plurality of bands of beads is provided on the connector. Alternatively or additionally, The 
bead comprises a substantially continuous bead (possibly excepting weakened locations at 
parallelogram vertices) that circles the connector. 

Figs. 8L and 8M illustrate a connector 438 and a connector 440 which illustrate 
different arrangements of spikes. In both of the illustrated connectors spikes 426 and spike 428 
are staggered, possibly reducing the trauma to the aorta. In connector 438 (Fig. 8L) six spikes 
428 and six spikes 426 are provided. In connector 440 (Fig. 8M) four spikes 428 and four 
spikes 426 are provided. In alternative embodiments, different numbers of spikes may be 
provided, possibly different numbers of spikes 426 and of spikes 428. Additionally, staggering 
schemes other than 1/1 may be used. One advantage of staggering is that relatively longer 
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spikes may be used. Po: 



an advantage of longer spikes is tUMffiey can pin together the 




various layers of the aorta and prevent dissection of the aorta. 
Figure designation 8N is intentionally skipped. 

Figs. SO and 8P illustrate connectors 442 and 448 in which only lower pins 
5 (corresponding to pins 426) are used. Thus, the anastomosis connection does not require any 
part of the connector to be in contact with the blood. In Fig. 80, lower spikes 444 are 
preferably folded in, to better grasp the aorta. Alternatively or additionally, a plurality of 
hidden spikes 446 may be provided to engage the aorta and prevent axial movement of the 
graft. Possibly, spikes 446 also prevent dissection of the aorta, especially if they are curved, 
10 barbed or not parallel to the aorta wall. 

A particular feature of this type of anastomosis is that there is created a pocket 452 for 
blood to enter between the graft and the aorta. This pocket is formed between a topmost end 
456 of the graft (which has a rounded profile) and an edge 454 of the hole in the aorta (which 
has a square profile). Blood may enter that pocket and cause dissection of the aorta. Also 
15 possibly, the blood will pool and promote clot formation. In a preferred embodiment of the 
invention, spikes 446 are provided to urge end 456 against edge 454, so no blood can enter. 
Alternatively or additionally, bead 434 serves this purpose. 

In Fig. 8P, connector 448 forms a flared anastomosis, in which the extent of the pocket 
is reduced and/or the pocket is eliminated, because end 456 is urged against edge 454 by the 
20 form of the anastomosis connection. 

Figs. 8Q and 8R illustrate a pull-wire anastomotic device 460, in accordance with a 
preferred embodiment of the invention. Fig. 8Q is a perspective schematic view of connector 
460 showing a base ring 462 and a plurality of spikes 464 that pass through the ring. The 
cross-section of the spikes may be circular. Alternatively, the cross-section may be 
25 rectangular, may be an arc-portion or have other geometry's. Alternatively or additionally, the 
cross-section of the spike may vary along the length of the spike. 

Fig. 8R is a side jcross-sectional view of connector 460. When performing the 
anastomosis, the spikes 464 (all together or possibly temporally staggered) are pulled in the 
direction indicated by an arrow 466, relative to base ring 462. A barb 468 at the end of the 
30 spike engages the aorta. Graft 38 is preferably everted over the spike, so that when the base- 
ring is brought towards the aorta, the everted portion of the graft abuts the aorta. Possibly, the 
eversion is a 90° eversion. Alternatively, the eversion is a 180°, as indicated for example by a 
reference number 469. In some embodiments, ring 462 remains outside the aorta. In other 
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embodiments, panBPall of ring 462 is brought into the h^^ri the aorta. Possibly, ring 462 
includes a rim 463, which limits the advance of the ring into the aorta. 

In a preferred embodiment of the invention, barbs 468 do not extend beyond base-ring 
462, during the insertion of the anastomosis device. In one embodiment of the invention, a 
5 spike 464 is bent inwards, as indicated by a dashed profile 470, so that barb 468 is within the 
maximum radius of ring 462, In a preferred embodiment of the invention, spike 464 is pre- 
bent. However, a rigid tunnel 471 in base-ring 462 forces the spike portion which passes 
through the base-ring to be perpendicular (or at any other desired angle) to the base ring. Thus, 
when the bent portion 470 of the spike is brought into tunnel 471, barb 468 is extended 
10 outwards. Alternatively, the spike may comprise elastic, shape memory or super-elastic 
materials, as described above. In another embodiment of the invention, spike 464 is rotated 
90°, during deployment, as indicated by an arrow 472, so that the barb moves from the plane 

CI 

of the connector to extend outside the connector. 

Alternatively or additionally to barbs 468 moving out of the connector plane during the 
15 deployment of connector 460, base-ring 462 comprises an expandable base ring, which has a 

smaller radius while it is being inserted. 

In a preferred embodiment of the invention, connector 460 includes a one-way block 

474 which prevents the removal of base-ring 462, after the anastomosis is performed. 

Alternatively, the removal is prevented by a kink in the spike, for example one caused by bend 
20 470. Alternatively or additionally, the removal is prevented by a bending or flattening of the 

spikes. In a preferred embodiment of the invention, the spikes are formed of a single material 

having same mechanical properties along their entire length. Alternatively, especially for the 
Q embodiment using bend 470, a spike may comprises a first, flexible, portion and a second, 

more rigid, portion. Possibly, the flexible portion comprises a thread. In a preferred 
25 embodiment of the invention, an extending (waste) part of the spike is cut-off by an insertion 

device, possibly while flattening the spike to prevent the cut end from retracting through hole 

471. 

Alternatively or additionally, the spikes are self- shortening. In one embodiment of the 

invention a self-shortening spike is formed by a two-layer material in which one is elastic, 

30 super elastic or shape memory and is stretched (or shrunk) by a certain amount. When a 

restraint is removed (or the or shape-memory is activated), the spike twists in a spiral, 

shortening by a much more than the certain amount. Possibly, a plurality of weakenings are 

provided along the spike to assure spiral collapsing. Such an axially shortening may also be for 

other parts of the connector, for example, for causing axial shortening of the connector. 
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Possibly, the spikes tw er substantially their entire length, ti^Jfr being screwed into the 
blood vessel tissue. 

Figs. 8S-8X illustrate a mechanism for folding spikes in which a radial expansion is 
substantially decoupled from axial length changes, in accordance with a preferred embodiment 
of the invention. Figs. 8S and 8T illustrate part of a ring segment of an anastomotic device 
700. In a complete device, the right end of the part shown is attached to the left end, forming a 
ring which is perpendicular to the plane of the paper. Device 700 is formed of a plurality of 
cells 702, having a spike 704 extending perpendicular to the segment and/or a spike 706 
extending in the opposite direction. Thus, device 700 has a similar form as device 60 of Fig. 
4A. As shown in Fig. 8T, when the device is radially expanded (shown here as a lengthening 
of the segment) spikes 704 and spikes 706 are folded towards the ring segment. Preferably, the 
movement of the spikes is on a plane which is tangent to the surface of the device 700. 
However, by a suitable weakening of a joint 710 which connects spike 704 to cell 702, motion 
in other planes can be achieved. It should be noted that also motion in the tangent plane 
enables the spikes to engage tissue that is outside the anastomotic connector. 

Although only a single ring with spikes on two sides thereof is shown, a device having 
a plurality of segments may also be constructed in accordance with a preferred embodiment of 
the invention. It should be noted that a characteristic of some embodiments of device 700 is 
that there is substantially no axial shortening coupled with the radial expansion. Thus, in a 
device with several types of ring segments, various types of relationships between axial and 
radial expansion, such as shown in Fig. 5, can be achieved. 

Fi<> 8U shows a device 710 having features similar to those of device 700. A cell 712 
replaces cell 702. In addition, two types of spikes are shown, a straight spike 716 and a round 
spike 714. Figs. 8V, 8W and 8X show the effect of radial expansion on a spike 714. In Figs. 
8W and 8X two spikes are shown, to show the relative positions of two opposing spikes, as 
may be used in some embodiments of the invention. As the radial expansion proceeds, spike 
714 advances in a scythe like motion, hooking and then engaging the tissue into which the 
spike enters. It should be noted that an anastomosis device 700 or 710 can be made very 
narrow, for example substantially the same as a thickness of the "side" vessel", so that there is 
a minimal protrusion. 

Figs. 8XA-8XH illustrate a mechanism for axial retraction and/or extension of spikes, 
in accordance with a preferred embodiment of the invention. 

Fig. 8XA illustrates an anastomotic device 720, in a plan view. A plurality of spike 
cells 722 are attached to a body 721. Each spike cell preferably comprises one or more spikes 
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s^^^s 726 and/or one or more anchors I'^^pr 



724, one or more spHTgs 726 and/or one or more anchors 7i^P^)rings 726, as shown, are in a 
relaxed state. In alternative embodiments, the springs are "normally extended", rather than 
"normally retract" as shown. 

In a typical use, a graft is everted or otherwise transfixed by spikes 724. A plurality of 
tissue stops 730 are preferably provided to limit the advance of the graft on the spikes. Spikes 
724 are then advanced, preferably by applying an advancing force onto anchors 728. This 
advancing step can be performed inside the body or outside of it. In some embodiments, 
advancing the spikes causes them to pierce and/or transfix a vessel to which the graft is to be 
connected. In other embodiments, shown below, the advancing causes the spikes to advance 
into a hole in said vessel. When the anchor is released, spikes 724 retract. In some 
embodiments, the retraction engages the "side" vessel. Alternatively or additionally, the 
retraction seals the anastomosis. In a preferred embodiment of the invention, each spikes 
retracts an individual amount, thereby matching irregularities in the anastomosis or in the two 
blood vessels. 

Fig. SXB illustrates a variant device 740 in which a spike 744 is restricted from 
movement perpendicular to the device surface by one or more bands 742. This restriction is 
useful, for example, if spikes 744 are pre-bent. However, as long as a spike 744 is retracted, 
bands 742 will maintain in the plane of its spike cell. In use, the spike's tip is pressed against 
the side vessel and then the spike is advanced, piercing and/or transfixing the side vessel 
before the spikes bend. 

Generally, the retraction of the spikes is not complete, for example due to the 
transfixed tissue opposing the retraction of spring 726. Alternatively or additionally, the 
relaxed states of the spring does not fully retract the spikes. Alternatively or additionally, the 
spikes include a protrusion 746wheich resists the complete retraction thereof Alternatively or 
additionally, once the spikes are bent, they resist a complete retraction. 

In a preferred embodiment of the invention, the anastomosis connector can be removed 
by completely retracting the spikes so that they disengage from the tissue. Preferably, bands 
742 straighten the spikes 744 so that they do not damage the blood vessels during the removal. 

Fig. 8XC shows a variant device 750 having a plurality of spike cells 758, in which the 
extension of a spike 754 has a plastic deforming effect on a spring-like element 756. An 
anchor 752 (shown here as a hole which can be engaged by a suitable protrusion on a 
deployment device) can be engaged and pulled along the tracks defined by cell 758, to retract 
the spike. 
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Fig. 8XD shows'j^^ce 720 in a side cross-sectional view^J^hile being deployed in a 
side-to end anastomosis. As shown, spikes 724 are extended and bent. In a preferred 
embodiment of the invention, spikes 724 are inserted into the body bent. Alternatively or 
4^ additionally, the spikes are manufactured or treated to be bent and are maintained in a straight 

5 configuration using a restrainer or using bands 742 (not shown). When advanced or when the 
restrainer is retracted, the spikes bend elastically or super-elastically. Alternatively or 
additionally, the spikes may be formed of a temperature- triggered shape-memory alloy. 
Alternatively or additionally, bands 742 are arranged to bend spikes 724 and/or point them at 
an angle to the axis of the device, as they are extended. Alternatively or additionally, the 
10 spikes are bent by an inner mandrel (not shown), for example an inflatable balloon. 

In Fig. 8XE, anchor 728 is released (or retracted), so that the spikes are shortened. 
Retracting the anchor or releasing it preferably use an outer or an inner tube-tool (not shown) 
which engage the anchor. The exact form of the tube-tool depends on the anchor used. In the 
example of protrusions 728, which extend out of the surface of device 720, a simple tube 
1 5 which fits over the connector can be used. 

It should be noted that each spike is independent. Thus, in a preferred embodiment of 
the invention, the retraction and/or release of the anchors may be for individual anchors or for 
sub-groups of the entire set of anchors. 

Alternatively or additionally, to retraction and advancement using an external tool, the 
20 motion of a spike may be controlled by the device itself. In one example, anchor 728 is 
coupled, for example by a wire, to a vertex of a parallelogram which forms a part of the body 
of device 720. When the device expands radially, the vertex retreats from the edges of the 
device, pulling the spike back with it (preferably along the tracks defined by cell 722). In 
another example, as a parallelogram vertex retracts, it twists out of the surface of device 720, 
25 releasing anchor 728. 

Figs. 8XF-8XH illustrate a dual action mechanism 760 for a single spike 762, in which 
a single spike moves both advances and retracts. In an elastic example, spike 762 is connected 
in series to a normally expanded spring 766 and to a normally retracted spring 764. When an 
anchor 768 associated with spring 766 is released, spike 762 advances, as shown in Fig. 8XG. 
30 When an anchor 770 associated with spring 764 is released, spring 764 retracts, retracting 
spike 762, as shown in Fig. 8XH. The starting and ending retraction length need not be the 
same. Alternatively or additionally, one or both of the "springs' 1 can be plastic deformations 
element deformed by moving the suitable anchors. Alternatively or additionally, the springs 

can be in other orders than shown and/or can have different lengths. 
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In a preferrHRnbodiment of the invention, the relejjpff the anchors is by a suitable 
deployment tool. Alternatively or additionally, the anchors are self- triggered. Fig. SXG 
illustrates an optional self-trigger 772, which maintains spring 764 in an extended state, using 
a protrusion 774 on the spring. When anchor 768 advances far enough it pushes against a 
protrusion 776 of the self-trigger, causing the self-trigger to bend and release spring 764. The 
release causes spring 764 to constrict and retract the spike. Self trigger 772 may be in the same 
plane as cell 760 or above or below it. In some devices, the self-trigger may be plastically 
deformed or cut but the motion of spike 762. In a preferred embodiment of the invention, the 
two springs are in two layers, so that when spring 764 retracts is causes a deformation 
(preferably a bending) of spike 762. 

It should be noted that such axial motion and/or double action motion may also be 
utilized for anastomotic devices which form their own holes in the blood vessel. Preferably, 
the spikes are bi-stable or are restrained in the shape of a tip, so that once they advance, the 
restraint/bi-stable shape is released and when the tips are retracted the bend outwards to 
engage the blood vessel and complete the anastomosis. 

In some preferred embodiments of the invention, the devices of Figs. 8XA-8XH 
include radial expansion capabilities, which may or may not be coupled to the extension of the 
spikes, as described. In other embodiments, no radial expansion is provided. 

Each of cells 722 may be axially rigid. Alternatively or additionally, especially if the 
cells are interconnected at both ends, a radial expansion of the device may cause an axial 
shortening of the cells. For example, if each cell wall comprises a flattened parallelogram, 
instead of a single piece and/or by providing suitable weakenings thereon. 

As described above, the cells are used for extension and retraction of the spikes. 
Alternatively or additionally, such cells may be used for controlling the axial length of the 
device. In one such example, the device comprises two rings, which rings are interconnected 
by self lengthening and/or self-shortening cells. In another such example, releasable springs 
are used to cause axial shortening of the device, rather than by releasing a restraint around the 
entire device. In some embodiments, the force of a single released spring can be used to trigger 
the release of other springs in addition to or instead of directly deforming the anastomotic 
connector. 

Alternatively or additionally, to the cells being axially arranged, the cells may be 
arranged in a trans-axial and/or a diagonal direction (relative to the main axis). Thus, the spike 
scan be extended and/or retracted in various directions. Also, both the axial length and the 
circumference may be controlled using suitably arranged cells. 
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It should be app A, .hat as in Cher embodiments of trWvention, there is a wire 
ranoe of control techniques which may be practiced. In particular, various allocations of 
control mechanisms between the device and the deployment tool can be actaeved. 

Fi. 9A illustrates a sleeve attachment 130 for a graft 38, in accordance wtth yet 
another preferred embodiment of the invention. In many cases, everting graft 38 may damage 
the =raft In a preferred embodiment of the invention, a sleeve attachment 130 is everted over a 
Hb 'l 10 and then attached to graft 38. Alternative^ additionally, the sleeve is firs, attached 
,o the *raft and then everted over the corrector. In a preferred embodiment of the mvention, 
sleeve BO comprises a blood vessel segment that has a larger inner-diameter than graft 38. In 
a preferred embodiment of the invention, sleeve attachment 130 is glued to graft 38. 
Alternatively or additionally, the attachment is sutured to graft 38. Alternatively or 
additionally, it is welded and/or attached using a plastic flowable matenal. 

Fio 9B illustrates attaching a patch 134 to the outside of a blood vessel 132, usmg 
devices and/or tectaiques as described herein. Although a flat patch 134 is shown, patch 134 
may comprises a graft with an end tied off. Preferably, the patch is pushed out of vessel 1 ,2, 
through a hole 133. A connector 136 pulls the patch against vessel 132. Alternatively or 
additionally, a spike type connector 137 may be used to maintain the patch in contact w„h the 
vessel A connector such as a connector 137 does no. maintain hole 133 ur an open 
configuration, so. .here is usually less strain on vessel 132. In many cases, .here will be no 
leakage .hrough hole 133, even if .he pa.ch is no. hermetically sealed, due .o .he elashcrty of 

the walls of vessel 132. 

Patching a blood vessel may be desirable if the vessel wall is damaged at that potnt, to 
relive strata, for example caused by an anastomosis and/or to support an electrode or a 
different wire or tube which exits the blood vessel. In a preferred embodiment of the invention, 
, such a patch is applied for a side-.o-side anastomosis, either on the outside of vessel 132 or on 
its inside. PreferaMy, a single connector is used bom for the anastomosis and for .he patchrng. 

9C illustrates configurations in which palch 134 is inside the blood vessel. In a 
configuration 138, the connector is situated along the edge of the patch, possibly covenng any 
ragged edges and engages vessel 132. Preferably, the engagement is by pins winch pass 
l0 Jough the vessel Alternatively or additionally, connector 138 passes through a hole m vesse 
,32 as shown for example in Fig. 9B. In configuration 140, a spike pierces both pa.ch 134 and 
vessel 132. The spike may bend back. Alternative* or additionally, a friction material, such as 
a rin. is provided on the other side of vessel 132, preferably after being pushed out through a 
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hole in vessel 132^^configuration 141, a spike is embed^^in- or otherwise attached to- 
patch 134, so that there is no contact between the connector and the blood flow. 

A PCT application titled "Vascular Port Device", filed in the Israel receiving office on 
even date as the instant application, with same applicants, the disclosure of which is 

5 incorporated herein by reference, describes various types of seals for holes in blood vessels. In 
particular, some of these seals may be applied over an existing catheter to seal an existing hole. 
Alternatively or additionally, some of .these seals are actually anastomotic devices, which, 
when they fail, can self-seal. One type of sealing mechanism described is that spikes, which 
engage the blood vessel around the rim of the hole in the blood vessel, move towards each 

10 other, thereby causing the rim portions to abut and seal the hole. The present application 
describes various mechanisms that can be used to control the expansion and/or collapsing of 
an anastomotic connector, such that the spikes move towards each other and seal the hole of 
the anastomosis. 

Fig. 9D illustrates a strain reliving device 142, attached to vessel 132, either on its 

15 inside or on its outside. In a preferred embodiment of the invention, device 142, shown as a 
grid, is covered with a graft material. Dots 144 indicate pins that engage vessel 132 itself. In a 
preferred embodiment of the invention, the pins are super-elastic, elastic or shape-memory and 
are maintained in a configuration where they are pointing away from the vessel wall. When 
device 142 is positioned in a desired location, a restraint is released and the pins bend to 

20 engage the vessel wall. The pins may be distributed evenly over device 142. Alternatively or 
additionally, the distribution is uneven, preferably to match a strain pattern. 

In a preferred embodiment of the invention, device 142 is used to relive strain on a wall 
of vessel 132. The distribution of pins 144 will usually affect the amount and directionality of 
the strain in vessel 132. Although device 142 is shown as being substantially planar, in a 

25 preferred embodiment of the invention, device 142 may be curved or even cylindrical, to 
match the shape of the vessel. 

In a preferred embodiment of the invention, device 142 provides a framework for an 
endoscopic procedure or for a catheter based procedure, and as such, it may be inserted outside 
of the blood stream. In a preferred embodiment of the invention, device 142 is attached to a 

30 heart or to an aorta, preferably for aid in performing a bypass procedure. Preferably, the 
framework is provided through an endoscope. Preferably the framework remains loosely 
coupled to the endoscope, for example via a cable for providing power (such as air pressure) or 
via a safety line. 
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Device 142 maj^^^ide rails or other guidance mechanis^Jfer guiding the procedure, 
such that tools and/or endoscopes or other rubes may travel along the guide rails. Such rails 
preferably follow the surface of device 142. In a preferred embodiment of the invention, the = 
rails include junction points or otherwise identifiable points where a guided tool may fix its 
5 position relative to the device. 

In a preferred embodiment of the invention, device 142 may be controlled to be at a 
selected one of two or more -configurations, for example, by inflating a balloon therein. 
Preferably, when the device changes configuration, it changes the relative positioning of body 
tissues and/or tools which are attached to different parts of the device. When the procedure is 

10 completed, the device may be removed by folding it. Preferably, the device is removed using 
the same endoscope/catheter used to insert it. Alternatively or additionally, it may be removed 
via a keyhole or other surgical wound or using a different catheter. Preferably, all the pins are 
bent in such a direction that folding the device retracts them from the tissue. In a preferred 
embodiment of the invention, the device is folded by engaging it with one or more arms 

15 comprising a super-elastic, elastic or shape-memory material and relieving a restraint on the 
arms so that they fold, folding the device with them. Alternatively or additionally, the holding 
strength of the pins may be reduced if they comprise a shape-memory material that is cooled 
below its critical point. Alternatively or additionally, the framework is maintained in an 
expanded configuration using an inflatable device, such as a balloon. When the balloon is 

20 deflated, the device preferably collapses as a result of its own elasticity. , 
Many variations on the above-described devices may be practice within the scope of 
some preferred embodiments of the present invention. In a preferred embodiment of the 
invention, the connector is smooth, at least in portions thereof that are in contact with blood 
flow, to enhance bio-compatibility. Alternatively or additionally, the connector is rough or has 

25 grooves defined therein, at least in portions thereof which are in contact with blood vessel 
tissue, to enhance attachment to the blood vessel. 

In a preferred embodiment of the invention, the spikes are sharp to better pierce the 
blood vessels. Alternatively or additionally, the spikes are blunt, for example to promote 
tearing rather than cutting. In a preferred embodiment of the invention, the spikes have a flat 

30 rectangular cross-section, for example for ease of manufacturing. Alternatively or additionally, 
the spikes have a triangular or a circular cross-section, for example, for better mechanical 
stability. In a preferred embodiment of the invention, not all the spikes have the same cross 
section and/or sharpness and/or tip shape, for example to provide a range of mechanical and/or 
adhesion characteristics. 
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In a pref^Jf embodiment of the invention, spike * placed close together, so that 
they can support the anastomosis. Alternatively or additionally, the spikes are relatively few 
and/or far apart and the anastomosis is supported by rings to which the spikes ar„e connected 
and which exert pressure on the anastomosis. In a preferred embodiment of the invention, the 

5 spikes and/or the rings are arranged in two or more concentric layers and/or have different 
bending locations, for example, so that a double seal/anastomosis is formed. 

It shoulcLbe appreciated that a single anastomosis connector may include features ffeqm 
different ones of the connectors described above, for example, a connector may include both 
spikes which hold together the vessel and the graft and a structure which urges the vessel and 

10 the graft together. 

Much of the above description has centered on the anastomosis connection at the aortic 
side of a bypass, however, these anastomosis connections may also be applied to the coronary 
side of the bypass. It should be noted that once the end of graft 38 and the connector attached 
thereto are inserted into coronary vessel 22, the situation is the same as when graft 38 is inside 

15 the aorta, i.e., the graft may be pulled out. However, it should be noted that vessel 22 has a 
smaller diameter, so a lower profile connector may be desirable. In addition, it may not be 
desirable to push a large connector out of the aorta to vessel 22. Thus, a smaller connector is 
preferably used for the arterial end of the graft. Alternatively or additionally, the connector 
used for vessel 22 may combine the functions of tip 37 and of at least part of the anastomosis 

20 process. 

In a preferred embodiment of the invention, a failed anastomosis may be removed, 
either during the attachment process or after it is completed. In one example, if the 
anastomosis at vessel 22 fails, the tip of graft 38 may be cut off and a new anastomosis 
connector provided along guide wire 36, for connecting at a new point. In some cases, the hole 

25 in vessel 22 will not leak without any further treatment. Alternatively or additionally, the hole 
is patched, either as described above or using techniques known in the art, for example, 
coating it with a flowable material. Alternatively or additionally, when the graft is cut, the end 
of the graft near vessel 22 is sealed off. 

Figs. 10A-10D illustrate an end-to end anastomosis in accordance with a preferred 

30 embodiment of the invention. When provided, an anastomosis connector 152 has a diameter 
smaller than that of a vessel 150. A balloon 156 is inflated under one end of connector 152, so 
that it expands radially and spikes thereon engage the walls of vessel 150. A second vessel 154 
is then brought to a position where it overlaps the second end of connector 152. When the 
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second end of connectd^fc is inflated, it expands radially and p^^ably also contracts axial. 

Thus, a better contact is formed between the two blood vessels. 

In a preferred embodiment of the invention, connector 152 includes a ridge 153, 

preferably around most or all the circumference of connector 152. Thus, when the two blood 
5 vessels are brought together, the ridge guides an automatic eversion of the two blood vessels. 

In a preferred embodiment of the invention, the ridge is not continuous and contains holes 

and/or gaps, so that the two blood vessel surfaces can be in contact through the ridge^ 

In a preferred embodiment of the invention, connector 152 is used for an externally 

meditated anastomosis. Preferably, connector 152 is formed of a super elastic, elastic or shape- 
10 memory material and is constrained to be radially compressed by a device which circles 

connector 152 at ridge 153. After the two blood vessels are placed on the connector, the 

restraint is removed and the two blood vessels are automatically engaged by connector 152, 

advanced towards each other and attached to each other. Possibly, they are also everted over 

ridge 153. 

15 In a preferred embodiment of the invention, when a graft is implanted and found to be 

too long, it may be sectioned and the sectioned portions be attached using an end-to-end 
anastomosis, as described above. Alternatively or additionally, the graft is attached to 
supporting tissue so that it does not move around. 

Figs. 10E-10K illustrate an end-to-end anastomosis between a first vessel 680 and a 

20 second vessel 682, in accordance with an alternative preferred embodiment of the invention. 
As a preliminary step, shown in Fig. 10E, second vessel 682 is preferably threaded using a 
guide wire 684 and then a roughened balloon 686 is inflated in its lumen to grasp vessel 682. 
Blood flow from vessel 688 may be blocked by a blocking catheter 688, through which the 
following process may be performed. Alternatively or additionally, the catheter may be used to 

25 severe the ends of one or both vessels and to locate or assist in locating the ends in the body. 

In Fig. 10F, a connector 690 is provided. In a cross-sectional view, connector 690 may 
have a "Y" profile. Preferably, connector 690 includes a first set of spikes 691 for engaging 
vessel 680 and a second set of spikes 693 for engaging vessel 682. The two sets of spikes are 
preferably connected to a body 695 that has a base 697. If connector 690 is deployed using 

30 plastic techniques, a balloon 692 may be provided. Alternatively or additionally, if connector 
690 is deployed using elastic, super-elastic or shape-memory techniques, a restraining element 
694 may be provided. 

In Fig. 10G, connector 690 is flattened, so that its profile is perpendicular to the two 
blood vessels. Possibly, a portion 696 of the connector remains axial. Several methods as 
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ml^be used to flatten connector 690. In llfcb 



described herein may be used to flatten connector 690. In oMFembodiment, connector 690 is 
elastically striving to resume a flattened configuration, once restraining element 694 is 
removed. In another embodiment, the base of connector 690 is restrained from expanding by 
its geometry. Thus, when a balloon 692 is inflated inside of it, the rest of the connector follow 
the counter of the balloon. Possibly, an orientation as indicated by reference 698 is achieved, 
rather than a perpendicular orientation. Possibly, the rotation and/or further rotation of 
connector 690 is performed after the two vessel are brought against the connector and/or after 
the two vessel are engaged by the spikes. 

In Fig. 10H, vessel 682 is brought towards connector 690, for example by retracting 
guide wire 684. The severed end of vessel 682 is thus partially everted over connector 690. 
Possibly, folding into the lumen of vessel 682 is prevented by balloon 682, balloon 692 and/or 
an axial portion 696. 

In Fig. 101, spikes 693 bend and engage vessel 682. Several methods may be used to 
bend these spikes. In one example, expansion of connector 690 will cause the spikes to bend, 
possibly, without appreciable bending of the other spikes, by each set of spikes being 
connected to differently shaped parallelograms, which respond differently to different amounts 
of radial expansion. In another example, the spikes are elastic, super-elastic or shape-memory 
and bend when a restraint is released, again, possibly by the expansion of connector 690. 
Alternatively or additionally, spikes 693 and spikes 691 bend together, at a later time, for 
example as a result of further expansion of connector 690. 

In Fig. 10 J, vessel 680 is advanced and everted. In Fig. 10K, spikes 691 are bent, 
completing the anastomosis. Preferably, expanding connector 690 radially enhances the 
grasping of spikes 691 and 693. Preferably a plurality of tissue blocks are formed on these 
spikes, so that when the spikes bend more, they urge the vessels against each other. 

Fig. 10L illustrates a side-to-side anastomosis, utilizing a connector similar to that used 
in the embodiments of Figs. 10E-10K. In this type of connection, the connector is first rotated 
to be perpendicular to the flow between the vessel (opposite the rotation in Fig. 10G and then 
the vessels are urged together. Possibly, the connector is advanced end first and then rotated. 
In this embodiment, however, the spikes are inside the blood flow, so they can also be bent 
using suitable balloons. 

Fig. 10M shows a front view of an anastomosis device 690 suitable for use in Figs. 
10E-10L. In the embodiment shown, connector 690 comprises a base-ring 697, which may, for 
example be plastically deformable. The figure shows the resting state of the device, i.e., when 
a restraint is removed, the device will achieve the shape shown. However, when the ring is 
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a balloon, spikes 691 and 693 will 




rent, preferably suing one 



of the many mechanism described herein. 

In a variation of a standard anastomotic procedure, two severed parts of a blood vessel 
may be reattached by first attaching a "half anastomotic connector to each severed end and 

5 then attaching the two "halves" connectors, for example using a graft which bridges the two 
connectors or by mechanically attaching the two device halves. A half connector may be, for 
example half of the connector shown in Fig. 10A. A use of such a procedure is trauma surgery, 
such as for connecting severed limbs or when implanting certain organs, where many end-to- 
end anastomosis connections are to be performed. Preferably, each pair of "half connectors is 

10 marked to allow easy identification of the matching ends. Alternatively or additionally, each 
pair of "halves" is connected by a wire. Thus, the task of identifying the severed vessels and 
determining whether the remaining vessel lengths are sufficient can be separated from the 
actual anastomosis connection activity and without previously performed connections 
interfering with the work. 

15 Fig. 11 illustrates a graft delivery system 201, in accordance with a preferred 

embodiment of the invention. Referring back to Figs. 2A-L, a "J" shaped catheter 34 includes a 
lumen through which a guide wire 36 may be provided. The lumen may also be used to 
perform suction, for collecting debris, to provide other tools, to inject contrast media, drip anti- 
clotting drugs, to provide saline solution and/or to seal off the work area from the blood flow. 

20 Guide wire 36 has a sharp tip 37 which is preferably tapered and which may be used to pierce 
both aorta 30 and vessel 22. Alternatively or additionally, the guide wires are switched so that 
different guide wires are used for the different vessels. 

A graft 38 is preferably preloaded with anastomosis connectors 202 (aortic) and 204 
(coronary), prior to being inserted into the body. Connector 204 preferably includes a tapering 

25 surface 206 to ease its insertion into the holes created by tip 37. Alternatively or additionally, a 
tapering surface 206 may be independently provided over guidewire 36 and retracted when not 
needed. Preferably, tapering surface 206 is an inflatable tapering and/or otherwise expandable 
surface. 



30 202. However, this is not a requirement of all the preferred embodiments of the present 
invention. A balloon 200 is preferably provided over guide wire 36 to expand the connectors. 
A second balloon 206 may also be provided. The second balloon may have a narrower cross- 
section than balloon 206. Alternatively or additionally, balloon 206 may be used in 
conjunction with balloon 200, to squeeze an anastomosis connector. 



In Fig. 11, a narrower connector profile is used for connector 204 than for connector 



82 



In a preferra^mbodiment of the invention, cathet^fcf is not used and graft 38 is 
exposed to the blood. Some or all of the elements shown in Fig. 11 are preferably disposable. 
Alternatively or additionally, at least some of the elements are sterilizable, for example, guide- 
wire 36. 

Figs. 12A-12E illustrate an applicator kit 480 (not marked on the figures) for an 
anastomosis connector, in accordance with a preferred embodiment of the invention useful for 
key-hole surgery. In a preferred embodiment of the invention, kit 4S0 comprises a holder 509 
(Fig. 12B, 12C), which can selectably hold an aortic puncture sub-assembly 500 (Fig. 12A) or 
a graft insertion sub-assembly 482 (Fig. 12D). A close up of the tip of the holder, including the 
graft insertion sub-assembly and an inserted graft, is shown in Fig. 12E. 

Referring to Fig. 12 A, puncture sub-assembly 500 is preferably designed to reduce the 
danger of puncturing both sides of the aorta. In a preferred embodiment of the invention, a 
hole-making pin 515 is protected by a protective sleeve 513. When the tip of hole-making pin 
515 is pushed into the side of an aorta, protective sleeve 513 retracts (against a spring 523) and 
exposes the sharp tip of hole-making pin 515, which tip penetrates the aorta. Once the aorta is 
penetrated, protective sleeve 513 can slide back forward and protect the other side of the aorta 
from hole-making pin 515. Spring 523, protective sleeve 513 and hole-making pin 515 are 
preferably coupled through a cap which comprises elements 514 (body) and 51 1 (top seal). 

Referring to Fig. 12B, aortic punch sub-assembly 500 is shown inserted in holder 509. 
Attention is directed to an extension 498 of an inner sleeve 507 of holder 509. When the hole 
is punched in the aorta, this extension also enters the aorta. However, further advance of the 
holder is blocked by a step-type increase in radius of holder 509. 

Once the aorta is pierced, aortic punch sub-assembly 500 can be removed. In a 
preferred embodiment of the invention, holder 509 includes a seal 532, for example a silicon 
gasket or a tri-leaflet valve made of a flexible and resilient material. Thus, when sub-assembly 
500 is removed blood is stopped from exiting the aorta, by the seal. In some cases, some blood 
will pass by the seal and fill holder 509, above the seal. In a preferred embodiment of the 
invention, a pressure relief exit (or valve) 530 is provided, for blood to exit the holder when 
new tools are inserted into the holder. 

Referring to Fig. 12D, graft insertion sub-assembly 482, comprises a plunger 526 on 
which a graft (not shown) is mounted. In a preferred embodiment of the invention, a connector 
graft is mounted on the graft in the following manner. A connector is held inside a restraining 
element 508, so that one set of spikes is extended. A graft is loaded either on or inside plunger 
526 and plunger 526 is inserted through a body 505 and restraining element 508 which is 
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attached at the end of body. Then, the graft is everted, pWIbly manually, over the 
extended spikes. 

Preferably, plunger 526 is held by a pin 516 so it does not move relative to a block 504, 
which is fixed to body 505. When plunger 526 and body 505 are inserted into holder 509, pin 
516 is released using a mechanism including a pin 517, when pin 517 contacts a holder block 
503 of the holder. The release of the pin allows plunger 526 to advance (relative to restraining 
element 508) until the anastomotic connector is properly positioned relative to the holder tip 
(and thus the aorta). It should be noted that the device does not expand at this point, since it is 
constrained by inner-sleeve 507. 

Referring to Fig. 12E, an everted graft 36 is shown with a mounted anastomotic 
connector 496. When plunger 526 is advanced, the extended spikes of connector 496 are 
preferably folded back by a tapering 534 formed in inner sleeve 507. 

Referring back to Fig. 12C, a pin-type mechanism (518, 519, 520, 521 and 522) 
preferably maintains holder block 503 fixed relative to holder 509. Inner sleeve 507 is 
preferably coupled to holder block 503. When the pin-mechanism is released, a spring 524 
preferably retracts holder block 503, thereby retracting inner sleeve 507 and extension 498. As 
extension 498 is the only thing retaining connector 496 from expanding, the connector 
expands and performs the anastomosis. 

Fig. 12F illustrates an exemplary anastomotic connector 496, in a collapsed 
configuration 538 and in an expanded configuration 540. This connector is similar to the 
connector of Fig. 8 J, except that the spikes are bent in arcs, rather than in straight angles. Such 
a modification may also be applied to other connector embodiments described herein. In 
addition, depending on the location where the spike exits the graft, a portion of the graft may 
protrude into the aorta. In some cases, this protrusion may aid in sealing pocket 454 (Fig. 80). 
Additionally or alternatively, the engagement of the aorta by the spikes may cause a radial 
compression of the wall of the aorta. 

It should be noted that in the embodiments of Fig. 12G, as well as in other 
embodiments, such as those of Fig. 80 and 8P, it is not necessary for the graft to be everted 
180°. Rather, an eversion of 90° may be sufficient. Further, since the graft is pressed against 
the "side" vessel, the eversion may be completely dispensed with. However, small spikes (or 
other protrusions) are preferably provided inside the anastomosis connector to engage the graft 
and prevent it from slipping off the anastomotic connector, during the deployment process. 

Fig. 12G illustrates an alternative connector, similar to connector 496 of Fig. 12F, but 

in which one set of spikes is curved and one is bent at substantially right angles. 
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-^P^llustrate a <n*aft everter 636. in accor m 



Figs. 12H-fzxillustrate a graft everter 636 3 in accordi^R with a preferred embodiment 
of the invention. Everter 636 preferably comprises an outer body 638, an inner body 640 and 
expandable arms 642. A graft 38 is preferably extended from a graft delivery sub-assembly 
(3 482, with a connector 496 already loaded in restraining element 508. Graft 38 is preferably 

5 engaged by roughened (possibly by sand-blasting) or barbed ends of arms 642. Thus, when 
plunger 640 is advanced, the arms extended radially, expanding the graft radius (Fig. 121). The 
entire everter 636 is then advanced towards sub-assembly 482, so that the graft everts and is 
engaged by extended spikes 644 of connector 496. The spikes may extend radially or may 
extend axially, in either case they preferably transfix the graft in the everted configuration. 
10 Thereafter, arms 642 are released, for example by axial rotation, to present a smooth side to 
the graft, and the graft finishes the eversion over the connector. In some embodiments of the 
invention, everter 636 is coupled to the vessel holed. In other embodiments, the tool tools are 
separate. 

In some cases, an oblique connection is desired. In these cases, the eversion may be 
15 oblique as well. In a preferred embodiment of the invention, an oblique eversion is achieved 
using an oblique anastomotic connector. Alternatively or additionally, the oblique eversion is 
achieved by the tip of the vessel holder being non-perpendicular to the main axis of the vessel 
holder. Alternatively or additionally, the everter provides asymmetric expansion and/or 
asymmetric advancing. 

20 Figs. 12K-12M illustrate an alternative hole-punching sub-assembly 648, in accordance 

with a preferred embodiment of the invention. Unlike sub-assembly 500, sub-assembly 648 
punches a hole, removing a portion of the aorta in the process, rather than just forming a hole. 
£^ In a preferred embodiment of the invention, the difference between sub-assembly 648 and sub- 

assembly 500 is in the provision of an indent 651 in a hole-punching element 650 of sub- 
25 assembly 648. Fig. 12K shows a tip of assembly 648, with punching element 650 extended and 
Fig. 12L shows the tip with element 650 retracted. Fig. 12M, corresponds generally to Figs. 
12A and 12B and illustrates sub-assembly 648 as a whole and as inserted in holder 509. 

Figs. 12N-12R illustrate two methods of punching a preferably leak-less hole from 
outside or inside a blood vessel, in accordance with a preferred embodiment of the invention. 
30 Although the reference numbers are copied from Figs. 12A-12M, the methods of both sets of 
figures may also be practiced in a transvascular approach, especially with regard to punching a 
hole in the coronary vessel in an aorta-coronary bypass procedure. 

In Figs. 12N-12P, a hole punching element 650 is forced into aorta 30 (Fig. 12N). 
Then, element 650 is retracted against protective sleeve 513, cutting off a piece of the aorta 
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within indent 651 (Fig. ). Protective sleeve 513 and extensioi^R8 are then advanced into 
the punched hole, until protective sleeve 507 abuts against aorta 30 (Fig. 12P). 

In Figs. 12Q-12R, an outer sleeve 654 is advanced such that only punching element 
650 is forward of it, then the holder 509 is pushed against aorta 30, causing element 650 to 
enter it (Fig. 12Q). In Fig. 12R, protective sleeve 513 is advanced over punching element 650 
to remove a part of the aorta. Simultaneously, or afterwards, element 650 may be retracted. In 
an alternative embodiment, sleeve -507 is fused with protective sleeve 513 and extension 498 to 
form a single element. 

Figs. 12S and 12T illustrate an expanding hole puncher 780, in accordance with a 
preferred embodiment of the invention. Fig. 12S shown puncher 780 in a compressed 
configuration and Fig. 12T shows puncher 780 in an expanded configuration. In a preferred 
embodiment of the invention, hole puncher 780 comprises an expanding tip 784 and an 
expanding anvil 782. In a particular embodiment of the invention, tip 784 is super-elastic, 
elastic or shape memory and is restrained from expanding by a tube 788. Once tube 788 is 
retracted, tip 784 expands, for example using an umbrella mechanism 790. Alternatively or 
additionally, tip 784 is expanded using a balloon (not shown). Tip 784 is preferably expanded 
after it pierces the blood vessel, however, it may be expanded before too. 

Anvil 782 preferably comprises a tube 782, which is maintained at a compressed 
diameter by an enclosing restraining tube 786. When tube 786 is retracted, tube 782 expands, 
so that can be used as an anvil (or a knife edge or a scissors part) against the base of tip 784. 

In a preferred embodiment of the invention, the hole puncher is removed by returning 
tube 788 and tube 786 to their original positions, thereby collapsing tip 784 and anvil 782. 
Alternatively or additionally, the tip and anvil may have a normally collapsed configuration, 
with the expansion achieved, for example, by a balloon inserted in each of tip 784 and anvil 
782. When the balloons are deflated, the tip and anvil collapse. Alternatively or additionally, 
other expansion/collapsing mechanisms may be used. 

It should be appreciated that any of the above embodiments of hole punchers may be 
constructed to be expandable. 

As indicated above, in some cases it is desirable to punch an oblique-profile hole 
and/or punch a hole for an oblique anastomosis. In a preferred embodiment of the invention, 
the hole punching element and/or the depressions thereon are made oblique. Alternatively or 
additionally, the lips against which the element cuts are made oblique. Alternatively or 
additionally, the tissue stop for controlling the advance of the hole puncher into the blood 
vessel is made oblique. 
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The hole 




ed 



by the hole puncher (or by othej 




is) is preferably smooth, for 



example being circular or elliptical. Alternatively, a different convex shaped hole, such as a 
triangle or higher-order polygon may be cut. Alternatively, a concave hole may be cut, for 
example, a circular hole with a sine-wave variation on its circumference. Alternatively or 
additionally, a partial amount of vessel tissue may be removed surrounding the hole, for 
example, so that the hole has a sloping rim at least along some of its circumference. 
Alternatively or additionally, such selective tissue removal is used to weaken the blood vessel 
and/or to prevent tearing and/or to guide stress formed by the anastomosis. 

The above description of a graft application kit is only exemplary and many variations 
will occur to a man of the art, for example, the use of other restraining mechanisms or other 
releasable fixing mechanisms to replace the pin-mechanisms suggested. 

In a preferred embodiment of the invention, the graft application kit is made flexible, 
for use through an endoscope and/or a catheter or made elongated, for use through in key-hole 
surgery. Preferably, the releasing mechanisms are remotely operated, for example using pull 
wires. Alternatively or additionally, the springs are replaced by wires which are connected to 
springs outside the body. 

Figs. 13A-D illustrate a method of separately providing an anastomotic connector 664 
and a graft 38, at an anastomosis site, in accordance with a preferred embodiment of the 
invention. In Fig. 13 A, a graft 38 is shown, which is urged against lips of a hole in aorta 30, by 
endoscope 306, possibly, by an expanded portion 666 thereon. Thereafter, a connector 
provision assembly 656 is advanced along endoscope 306. In a preferred embodiment of the 
invention, assembly 656 comprises an impaler base 660 on which a plurality of impaler tubes 
662 are mounted. In each tube, a spike of connector 664 is provided. Alternatively, each tube 
holds an individual staple. Alternatively, the tubes 662 are replaced by a hollow cylinder, 
inside which connector 664 is maintained in a flattened condition. The staples are coupled to 
an advancer 658. 

In Fig. 13B, the ends of graft 38 are impaled by impaler tubes 662 and advancer 658 is 
advanced relative to impaler base 660, so that the tips of the staple extend, and bend to engage 
the walls of aorta 30. Preferably, the staples are elastic, super-elastic or shape-memory. 

In Fig. 13C, both base 660 and advancer 558 are retracted, so that the other side of the 
staples are decoupled from advancer 558 and also bend, to engage graft 38 and/or aorta 30. 

In an alternative embodiment shown in Fig. 13D, graft 38 is not cut to size prior to 
insertion of the anastomosis device. Preferably, a larger expanded portion 668 is formed in 
endoscope 302, such that tubes 662 are guided by portion 668 to engage graft 68 substantially 
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perpendicular thereto. itionally, graft 38 is at least partial l^^lrted by portion 668. Once 
graft 38 is engaged by tubes 662, the rest of graft 38 may be cut off, for example using a cutter 
(not shown). Alternatively or additionally, expanded portion 668 is deflated and tubes 662 and 
graft 38 are advanced into the aorta, as shown in Fig. 13B. Alternatively to an expanded 
portion, 668, a balloon or a different framework may be used. 

Figs. 14A-D illustrate a method of cutting a graft to size, during an anastomosis 
process in accordance with a preferred embodiment of the invention. In Fig. 14A> an 
endoscope/guiding catheter 674 is used to form a hole in aorta 30 and place a connector 670 in 
the hole. In Fig. 14B, the attachment of connector 670 to the aorta is completed. Thereafter, 
various activities may be performed through the connector, preferably using catheter 674. In 
Fig. 14C, a graft 38 is provided through catheter 674, attached to a far anastomosis and then 
the catheter is retracted. In Fig. 14D, a plurality of spikes 676 in connector 670 extend and 
engage the graft. Preferably, this extension is a result of the release of a constraint of catheter 
674. Alternatively, a balloon or other expandable element (not shown) is expanded in 
connector 670. The excess portion of graft 38 is then removed, for example using a cutting 
tool 672 which cuts the graft against the inside of catheter 674. Possibly, one or more of spikes 
676 may fold from outside the connector in, for example as shown by reference number 677. 
Preferably, the graft is urged against the inner surface of catheter 674 by an inner element or a 
balloon, which balloon may also deflect such spikes. 

It should be appreciated that imaging devices may be used to track the process of 
anastomosis, including, the location, the quality of the seal and the relative positions of the 
tools, grafts and/or connectors. Such imaging devices may be external to the body, internal to 
the body and/or provided at catheter 34, such as near tip 37. Possible imaging devices include: 
optical sensors, ultrasound sensors, fluoroscopy, open MRI and CT. 

In many of the above described embodiments a balloon is suggested when describing 
an inflatable member. It should be appreciated that in many embodiments what is required is a 
framework which can controllably change its configuration, radially or axial, and/or possibly 
to apply force. In some cases, a continuous surface is required, in others, only the relative 
positions of certain points on the balloon are important. Other framework types besides 
balloons are known to provide one or more of these properties and may be used in the above 
described preferred embodiments of the invention. In some cases, these frameworks will be 
covered with a flexible covering, to reduce the danger of clotting and/or are removed after use. 

The above description stresses CABG procedures and especially the aorta-to-graft 
anastomosis. However, it should be noted that many other types of blood vessels and/or grafts 
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may be connected using ^^hethods described herein. In one exai instead of connecting 
to the aorta, the anastomosis may originate from the descending aorta, from the LIMA or the 
RIMA or from other secondary blood vessels. In particular, in the LIMA, RIMA and other 
vessels which supply areas having a corollary blood supply, the vessel itself may serve as the 
graft which is navigated to the clogged artery. Preferably, the vessel is blocked, for example 
using suturing or an expanding balloon, prior to being severed and navigated. Alternatively, 
the graft is exited from the severed end of the vessel, rather than from its side. In addition, 
although many examples are described regarding the aorta, they are equally applicable to other 
blood vessel. Also, it is noted that some of the above described procedures can be applied to 
the backside of the heart, which is not directly accessible from the chest. 

Alternatively or additionally, blood vessels in other parts of the body may be bypassed, 
for example in the brain. Typically, bypass operations in the brain are not performed for fear of 
damaging sensitive brain structures. In a preferred embodiment of the invention, a graft is 
navigated from a source vessel (such as the external or internal carotid), through cavities 
which exist in the brain, to a clogged vessel, past its occlusion. Possibly, a small part of this 
travel will be through brain tissue. However, only a minimum of brain tissue need to be 
damaged. Alternatively, the travel is through brain tissue which is known to be less important, 
for example, by performing the procedure while the patient is awake and exciting the tissue to 
determine responses from the patient. Preferably, this procedure is performed using real-time 
imaging. Alternatively or additionally, an image guided system, preferably incorporating a 
position sensor at the tip of the graft, is used. Typically, the connectors, grafts and/or insertion 
devices are smaller and/or more flexible when used for brain vascular surgery than for vessels 
in the trunk, such as coronary vessels. 

It should be appreciated that many, of the structures described herein may also be 
applied to other invasive and/or implantable devices, beyond those used for anastomosis, 
especially such devices which are inflatable, expandable and/or otherwise deployed. However, 
as will be appreciated, that some of the above described structures solve particular problems of 
anastomosis, for example the problems of coordination between several actions, controllability 
and operation across the vessel wall. 

It will be appreciated that the above described methods of vascular surgery may be 
varied in many ways, including, changing the order of steps, which steps are performed inside 
the body and which outside, the order of making the anastomosis connections, the order of 
steps inside each anastomosis, the exact materials used for the anastomotic connectors and/or 
which vessel is a "side" side and which vessel (or graft) is an "end" side of an end-to-side 
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anastomosis. In additic^^pultiplicity of various features, both ; ^^bthod and of devices have 
been described. It shouIcTbe appreciated that different features may be combined in different 
ways. In particular, not all the features shown above in a particular embodiment are necessary 
in every similar preferred embodiment of the invention. Further, combinations of the above 
features are also considered to be within the scope of some preferred embodiments of the 
invention. Also within the scope of the invention are surgical kits which include sets of 
medical devices suitable for making a single or a small number of anastomosis connections. 
When used in the following claims, the terms "comprises", "comprising", "includes", 
"including" or the like means "including but not limited to". 

It will be appreciated by a person skilled in the art that the present invention is not 
limited by what has thus far been described. Rather, the scope of the present invention is 
limited only by the following claims. 
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CLAIMS 



1 . An anastomotic connector for attaching two blood vessels, comprising: 

a cylinder-like portion defining a lumen, having two ends and comprising an array of 
cells-elements; and 

a tissue engaging portion comprising at least one set of spikes comprising at least one 
spike arranged adjacent one of the two ends of said cylinder-like portion. 

2. A connector according to claim 1, comprising at least a second set of spikes adjacent 
the other of the two ends. 

3. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging two blood vessels, said plurality 
comprising at least one spike, 

wherein radial expansion of said cylinder-like portion causes said at least one spike to 
engage tissue. 

4. An anastomotic connector according to claim 3, wherein radial expansion of said 
cylinder-like portion is de-coupled from axial contraction of said cylinder-like portion. 

5. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging two blood vessels, 
wherein radial expansion of said cylinder-like portion is coupled to axial contraction of 
said cylinder-like portion. 

6. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is more than about 1:10. 

7. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:10 and 1:5. 
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S. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:5 and 1:2. 

9. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1 :2 and 1:1. 

10. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:1 and 2:1. 

11. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 2:1 and 4:1. 

12. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is less than about 4:1. 

13. A connector according to claim 5, wherein said radial expansion activates at least one 
of said tissue engaging portions. 

14. A connector according to claim 5, wherein at least one of said tissue engaging portions 
comprises at least one spike. 

15. A connector according to claim 3, wherein said cylinder-like portion comprises a 
plurality of cell elements. 

16. A connector according to claim 5, wherein said cylinder-like portion comprises a 
plurality of cell elements. 

17. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
arranged to extend out of said lumen when said tissue engaging portions engage tissue in a 
completed anastomosis. 

18. A connector according to claim 17, wherein said extended spike lies in a plane tangent 
to said cylinder-like portion. 
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19. A connector according to claim 17, wherein said extended spike lies in a plane 
perpendicular to said cylinder-like portion. 



20. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
arranged to extend into said lumen when said tissue engaging portions engage tissue in a 
completed anastomosis. 

21. A connector according to any of claims 2-4 or 14, wherein said device is arranged to 
cantilever said at least one spike into an extended configuration by an expansion of said 
cylinder-like portion. 

22. A connector according to any of claims 2-4 or 14, wherein said device is arranged to 
release said at least one spike to assume an extended configuration by an expansion of said 
cylinder-like portion. 

23. A connector according to any of claims 2-4 or 14, wherein a portion of said cylinder- 
like portion is arranged to deform into said at least one spike, by an expansion of said cylinder- 
like portion. 

24. A connector according to any of claims 2-4 or 14, wherein said spike is pre-stressed to 
lie outside of an axial profile of said cylinder- like portion. 

25. A connector according to any of claims 2-4 or 14, wherein said spike is coupled to a 
base, and pivotally connected to said cylinder-like portion and wherein said base extends into 
said lumen. 



26. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion 
includes a plurality of weakenings, such that plastically deforming said cylinder-like portion 
will extend said spikes to engage said tissue. 

27. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion 
comprises a bi-stable cell, which cell extends said spike in one state and not in the other one of 
said states. 
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28. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion is 
arranged to twist, in at least one location thereon, which location is coupled to said at least one 
spike, whereby said twist causes said spike to extend. 

29. A connector according to any of claims 2-4 or 14, wherein said spike comprises a 
protrusion to prevent engaged tissue from slipping off said spike. 

30. A connector according to any of claims 2-4 or 14, wherein said spike comprises a 
protrusion to prevent engaged tissue from slipping along said spike beyond said protrusion. 

31. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 90° when it extends. 

32. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 150° when it extends. 

33. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 1.80°- when it extends. 

34. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 210° when it extends. 

35. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at one point thereon when it extends. 

36. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at at least two points thereon when it extends. 

37. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend in a continuous curve when it extends. 
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38. 



A connecr^according to any of claims 2-4 or 1 





terein said spike is arranged to 



engages said tissue when it is axially retracted relative to the cylinder-like portion. 

39. A connector according to claim 38, wherein said at least one spike comprises a 
5 plurality of spikes and wherein each of said spikes is independently retractable. 

40. A connector according to any ., of claims 2-4 or 14, wherein said at least one spike 
comprises at least two spikes and wherein said connector comprises at least a second spike and 
wherein said second spike is arranged to bend towards said at least one spike and said at least 

10 one spike is arranged to bend towards at least a second spike. 

41. A connector according to claim 40, wherein spikes of said at least a second spike are 
arranged in a radially staggered configuration relative to said at least two spikes. 

15 42. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
associated with an individual flat coil spring. 

43. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
associated with an axial cell element, which cell element selectively retracts or extends said 

20 spike. 

44. A connector according to claim 40, wherein spikes of said at least a second spike are 
arranged to be in a same plane as spikes of said at least one spike, when the spikes are in a bent 
configuration. 



45. A device according to any of claims 1-16, wherein said lumen has an elliptical cross- 



46. A device according to any of claims 1-16, wherein said lumen has a circular cross- 
30 section. 

47. A device according to any of claims 1-16, wherein said lumen has a polygonal cross- 



25 



section. 



section. 
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48. A device according to any of claims 1-16, wherein said lumen has fixed inner diameter. 

49. A device according to any of claims 1-16, wherein said lumen has a varying inner 
5 diameter. 

50. A device according to claim 49, wherein said inner diameter has an hourglass profile, 
being flared at the ends of the lumen. 

10 51. A device according to claim 49, wherein said lumen is flared at one end of the lumen. 

52. A device according to any of claims 1-16, wherein a cross-section of said lumen varies 
along said lumen. 

15 53. A device according to any of claims 1-16, wherein said lumen is matched to a coronary 
vessel. 

54. A device according to claim 53, wherein said matching includes matching a degree of 
obliqueness of the lumen cross-section. 

20 

55. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements has parallelogram geometry. 

56. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
25 elements has an elliptical geometry. 

57. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises a ratchet for maintaining said cell element in a distorted configuration, 
once such a configuration is achieved. 

30 

58. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is arranged to distort out of a plane of said cell, when that cell is . expanded along a 
certain axis thereof. 
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59. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises an outline geometrical shape. 

60. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises a substantially full geometrical shape. 

61. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is planar. 

62. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is not planar. 

63. A device according to any of claims 1, 2, 15 or 16, wherein said cells are arranged as 
bands on at least a portion of said cylinder-like portion, each of said bands comprising 
substantially a single type of parallelogram. 

64. A device according to claim 63, wherein said bands are axial bands. 

65. A device according to claim 63, wherein said bands are circumferential bands. 

66. A device according to any of claims 1, 2, 15 or 16, wherein substantially all of said 
cylinder-like portions is composed of cell-elements. 

67. A device according to any of claims 1, 2, 15 or 16, wherein said cell elements meet at 
junctions and comprising at least one substantially rigid strut interconnecting at least two 
junctions. 

68. A device according to any of claims 1, 2, 15 or 16, wherein said cell elements meet at 
junctions and comprising at least one substantially flexible wire interconnecting at least two 
junctions. 
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69. A device accor to any of claims 1, 2, 15 or 16, whefW^said cylinder-like portion 
comprises several cell types and wherein said cell types are uniformly distributed on said' 
cylinder-like portion. 

70. A device according to any of claims 1, 2, 15 or 16, wherein said cylinder-like portion 
comprises several cell types and wherein said cell types are non-uniformly distributed on said 
cylinder-like portion. 



71. A device according to claim 70, wherein said distribution is symmetric. 

10 

72. A device according to claim 70, wherein said distribution is asymmetric. 

73. A device according to any of claims 1-16, comprising one or more pressure protrusions 
on said cylinder-like portion, wherein said one or more pressure protrusions are arranged to 

15 increase a contact pressure between said two blood vessel when said device is deployed. 

74. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which is plastically deformable at a force which does not deform other parts of 
said portion. 

20 

75. A device according to claim 74, wherein at least one of said other parts reacts 
elastically at said force. 

76. A device according to claim 74, wherein said part includes weakenings which guide the 
25 plastic distortion of said part. 

77. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which is super-elastic. 

30 78. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which comprises a temperature-triggered shape-memory material. 
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79. 



A device according to any of claims 1-16, wherein 



s 




cylinder-like portion comprises 



at least one part which comprises a temperature-responsive bi-material composite, which 
changes its geometry under the effect of small temperature changes. 

80. A device according to any of claims 1-16, wherein at least one of tissue engagers 
comprises at least one part which is plastically deformable at a force which does not deform 
other parts of said tissue engagers. 

81. A device according to claim 80, wherein at least one of said other parts reacts 
elastically at said force. 

82. A device according to claim SO, wherein said part includes weakenings which guide the 
plastic distortion of said part. 

83. A device according to any of claims 1-16, wherein said at least one of tissue engagers 
comprises at least one part which is super-elastic. 

84. A device according to any of claims 1-16, wherein said at least one of tissue engagers 
comprises at least one part which comprises a temperature-triggered shape-memory material. 

85. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage a side of one of said vessels and an end of another of said vessels, to 
perform a side-to-end anastomosis. 

86. A device according to claim 85, wherein said anastomosis is sealed by radial pressure 
exerted by said cylinder-like portion and wherein said tissue engagers maintain the cylinder- 
like portion in its position. 

87. A device according to claim 85, wherein said tissue engagers maintain the relative 
positions of the two blood vessels. 

88. A device according to claim 85, wherein said tissue-engaging portions are arranged on 
said cylinder-like portion such that when the anastomosis is complete, the cylinder like portion 
is at a certain angle perpendicular to the "side" vessel. 



99 



fli fi S / ii 0 2 3 



89. A device according to claim 85, wherein said certain angle is between about 70° and 
about 90°. 

90.. A device according to claim 85, wherein said certain angle is between about 50° and 
about 70°. 

91. A device according to claim 85, wherein said certain angle is less than about 50°. 

92. A device according to claim 85, wherein a cross-section of said lumen is matched to 
said certain angle. 

93. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage an end of one of said vessels and an end of another of said vessels, to 
perform an end-to-end anastomosis. 

94. A device according to claim 93, wherein said connector is adapted to be implanted 
outside of a vascular system. 

95. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage a side of one of said vessels and a side of another of said vessels, to perform 
a side-to-side anastomosis. 

96. A device according to claim 95 , wherein said connector is adapted to be implanted 
outside of a vascular system. 

97. A device according to any of claims 1-16, wherein said device is composed, at least in 
part, of a bio-absorbable material. 

98. A device according to claim 97, wherein said cylinder-like portion is composed wholly 
of a bio-absorbable material. 
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99. A device according to claim 97, wherein at least one^Plaid tissue engaging portions is 
composed wholly of a bio-absorbable material. 

100. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
is adapted to engage an everted graft. 

101. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
is adapted to engage a non-everted graft. 

102. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
is adapted to both an everted and a non-everted graft. 

103. A device according to any of claims 1-16, wherein all of said tissue engagers are 
adapted to engage said blood vessels inside a body. 

104. A device according to any of claims 1-16, wherein said cylinder-like portion has a a 
axial dimension of about 0.5 millimeters. 



105. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
axial dimension of between about 0.5 millimeters and 2 millimeters. 

106. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
axial dimension of between about 2 millimeters and 5 millimeters. 



107. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
axial dimension of between about 5 millimeters and 8 millimeters. 

108. A device according to any of claims 1-16, wherein said cylinder- like portion has a ratio 
of about 1:1 between its axial dimension and its diameter. 

109. A device according to any of claims 1-16, wherein said cylinder-like portion has a ratio 
of between about 1:1 and about 1:2 between its axial dimension and its diameter. 
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110. A device accor^j^to any of claims 1-16, wherein said c^^ier-like portion has a ratio 
of between about 1:2 about 1:4 between its axial dimension and its diameter. 



111. A device according to any of claims 1-16, wherein said cylinder-like portion has a ratio 
of between about 1:4 about 1:8 between its axial dimension and its diameter. 



112. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of less than about 1.5. 

113. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of between 2 and 4. 

114. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of between 4 and 8. 

115. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the blood vessels, said plurality 
comprising at least two spikes, 

wherein said two spikes extend differently to engage said tissue. 

116. A connector according to claim 115, wherein said spikes bend differently. 

1 17. A connector according to claim 115, wherein said spikes engage the same blood vessel. 

118. A connector according to claim 115, wherein said spikes engage different blood 
vessels. 

119. A connector according to claim 115, wherein said two spikes are arranged to extend 
simultaneously. 

120. A connector according to claim 115, wherein said two spikes are arranged to extend 
sequentially. 
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121. A connector according to claim 115, wherein said two spikes are arranged to extend 
semi-sequentially, such that there is an overlap between their motion. 




5 122. A connector according to claim 115, wherein said two spikes are extended by a same 
distortion of said cylinder-like portion. 

123. A connector according to claim 115, wherein the extension of at least one of said 
spikes is decoupled from distortion of said cylinder-like portion. 

10 

124. A connector according to claim 115, wherein said two spikes are extended by different 
degrees of radial expansion of said cylinder-like portion. 

125. A connector according to claim 115, wherein said extension comprises impaling a 
15 portion of a blood vessel. 

126. A connector according to claim 115, wherein said extension comprises transfixing a 
portion of a blood vessel. 

20 127. A connector according to claim 115, wherein said extension comprises pinching a 
portion of a blood vessel. 

128. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

25 a plurality of tissue engaging portions for engaging the two blood vessels, 

wherein said connector has at least two configurations, a first configuration in which 
said tissue engaging portions are at a first extension state and a second configuration wherein 
said tissue engaging portions are at a second extension state, wherein said connector exhibits a 
bi-modal behavior in changing from said first configuration to said second configuration. 

30 

129. A connector according to claim 128, wherein said configuration change is effected by 
expanding said cylinder-like portion. 

103 



US5/U1U0U 



* i / ? r; c- / U U Z 0 



130. A connector aa 




g to claim 128, wherein said config 1 




on change comprises the 



extension of a plurality spikes. 

131. A connector according to claim 128, comprising at least one bi-stable element that 
controls said configuration change. 

132. A connector according to claim 128, comprising at least one restraining element that 
controls said configuration change. 

133. An anastomotic connector for attaching two blood vessel, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the two blood vessels, 

wherein said connector has at least two configurations, a first configuration in which 

said tissue engaging portions form a vessel piercing tip and a second configuration wherein 

said tissue engaging portions are operative to engage tissue. 

134. A connector according to claim 133, wherein said plurality of tissue engaging portions 
comprise at least one spike. 

135. A connector according to claim 133, wherein said plurality of tissue engaging portions 
are arranged at one end of said cylinder-like portions and comprising a second plurality of 
tissue engaging portions adjacent the other end of said cylinder-like portion. 

136. An implantable device comprising: 

a first portion designed to come in contact with blood; and 

a second portion designed not to come in contact with blood, 

wherein said second portion is coated with a coagulation-promoting material. 

137. A device according to claim 136, wherein said device is an anastomosis connector. 

138. A device according to claim 136, wherein said device is a vascular device for sealing a 
hole in a blood vessel. 
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ding to any of claims 136-138, wher^Psaid first portion is coated with 



a coagulation-retarding material. 



140. A graft kit, comprising: 

a sterility-maintaining packaging; and 

a graft having at least two ends and having a side-to-end anastomotic connector 
attached to at least one of said two ends, wherein said anastomotic connector includes spikes 
for engaging a blood vessel. 

141. A kit according to claim 140, comprising a restrainer for maintaining said spikes in an 
unengaged configuration. 

142. A graft comprising: 

a tubular body having at least one intersection, such that said body has at least three 
ends; and 

at least two end-to-side anastomotic connectors attached to at least two of said three 

ends. 



143. A hole puncher, adapted for punching a hole in a blood vessel, comprising: 
an outer tube having distal portion, which distal portion has a lip; 

a punch element having a sharp tip and defining a depression distal from the tip, 
wherein said depression is of a size adapted to receive a blood vessel, 

wherein said distal portion of said outer tube has an outer diameter which is 
substantially the same as an outer diameter of said punch element and wherein said punch 
element fits snugly in said distal portion such that said lip can sever blood vessel tissue 
contained in said depression from tissue outside said depression. 

144. A hole puncher according to claim 143, wherein said depression is distanced from said 
tip so that said distance is at least the thickness of the blood vessel. 

145. A puncher according to claim 143, wherein said puncher is flexible enough to be 
provided through a blood vessel in which a hole is to be punched. 
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146. A puncher 




to claim 143, comprising a handle. 



147. A puncher according to claim 146, comprising means for advancing said outer tube 
relative to said handle and relative to said punch element. 

148. A puncher according to claim 146, comprising means for retracting said punch element 
relative to said handle and relative to said outer tube. 

149. A puncher according to any of claims 143-148, comprising means for advancing a graft 
into said hole formed by said punch. 

150. A puncher according to any of claims 143-148, comprising a valve for preventing 
blood from leaking out of said outer tube once said punch element is removed. 

151. A puncher according to any of claims 143-148, wherein said distal end comprises a 
stop for preventing entry of said distal end into said hole beyond said stop. 

152. A puncher according to claim 151, wherein said stop is at an oblique angle relative to a 
main axis of said distal end, to guide said hole puncher to form an oblique punch. 

153. A puncher according to any of claims 143-148, comprising a stop for prevention 
advance of said punch element relative to said distal end, beyond a pre-defined distance. 

154. A puncher according to any of claims 143-148, wherein said punch element is radially 
expandable from a first, small diameter to a second, working diameter. 

155. A puncher according to any of claims 143-148, wherein said distal end is radially 
expandable from a first, small diameter to a second, working diameter. 

156. A puncher according to any of claims 143-148, wherein said depression in said punch 
element is at an oblique angle relative to a main axis of said punch element, whereby an 
oblique hole is punched thereby. 
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157. A puncher^^>rding to any of claims 143-148, whJ^^said lip of said outer tube is at 
an oblique angle relative to a main axis of said outer tube, whereby an oblique hole is punched 
thereby. 

158. A puncher according to any of claims 143-148, wherein said hole puncher is arranged 
to punch an oblong hole. 

159. Apparatus for everting a vessel over an anastomotic connector, comprising: 
a vessel holder for holding said vessel; and 

an expander, adapted to engage said vessel, at least at an end of said expander, which 
expander expands from a diameter of less than a diameter of said vessel to a diameter greater 
than that of said vessel and wherein in said expanded diameter, said at least said portion can 
enclose at least a portion of said vessel holder 

160. Apparatus according to claim 159, comprising means for selectively moving said 
expander relative to said vessel, such that said engaged portion overlaps said vessel holder. 

161. Apparatus according to claim 159, comprising a holder for an anastomotic connector. 

162. Apparatus according to claim 161, comprising a retainer for maintaining said 
anastomotic connector in a desired configuration during at least a portion of said eversion. 

163. Apparatus according to claim 159, wherein said apparatus is separable into two pieces. 

164. Apparatus according to claim 159, comprising a guide for maintaining coaxiallity 
between said vessel holder and said expander. 

165. Apparatus according to claim 164, wherein said guide comprises an intra- lumen vessel 
engager for engaging said vessel. 

166. A tip mechanism for forming a hole in a blood vessel, from inside the blood vessel, 
comprising: 

a wire portion; 
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a tip coupled to'^^kvire portion; and 
a motor coupled to said tip and adjacent to said tip. 
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A mechanism according to claim 166, wherein said wire is at least 10 cm long. 
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168. A mechanism according to claim 166, wherein said tip is a sharp tip. 

169. A mechanism according to claim 166, wherein said motor is a piezoelectric motor. 

10 170. A mechanism according to claim 166, wherein said motor is a magneto-strictive motor. 

171. A mechanism according to claim 166, wherein said motor moves said tip in a rotational 
motion around a main axis of said wire. 

15 172. A mechanism according to claim 166, wherein said motor moves said tip in an axial 
motion along a main axis of said wire. 

173. A mechanism according to any of claims 166-172, wherein said tip is smooth. 

20 174. A mechanism according to any of claims 166-172, wherein said tip includes 
protrusions for engaging soft tissue. 

175. A mechanism according to any of claims 166-172, wherein said tip has a geometry 
matched to a geometry of said motor, such that an amplitude of motion of said tip is at least 

25 twice the amplitude of said motor. 

176. A patch for sealing a hole in a blood vessel, comprising: 

a body which can be selectively collapsed or expanded, such that the patch fits inside 
an catheter having a diameter suitable for travel in said blood vessel; 
30 a plurality of tissue engaging elements on said patch; and 



wherein, when said device is expanded, placed over the hole and the tissue engaging 
elements engage said vessel, said seal seals said hole. 



a seal, 



108 



OSS/01050 



177. A framework for an endoscopic procedure, comprising: 

a body which can be selectively collapsed or expanded, such that it fits through a tube 
used to access a surgical area; 

fixation members for attaching said body to tissue at said surgical area; and 

guidance members for guiding one or more tools at said area to perform said 
endoscopic procedure, 

wherein said body is operative not to be rigidly coupled to said tube while in a surgical 

area. 

178. A framework according to claim 177, wherein said framework has a plurality of stable 
configurations and wherein said stable configurations are matched to a particular endoscopic 
procedure. 

179. A framework according to claim 178, wherein said configurations are achieved by 
selectively inflating at least one balloon coupled to said framework. 

180. A framework according to claim 177, comprising a safety line for attaching said 
framework to a tool which exits said body. 

181 . A framework according to claim 177, wherein said body is unattached to said tube. 

1 82. A method of performing a bypass, comprising: 

transvascularly providing a graft at a first location in a vascular system; 

forming a hole at said location; 

expelling at least most of said graft out of said hole; 

navigating said graft adjacent a second hole in said vascular system; 

forming a hole at said second location; 

percutaneously performing a first independently patent anastomosis at said first 
location, which anastomosis does not occlude said vascular system at said first location; and 

percutaneously performing a second independently patent anastomosis at said second 
location, which anastomosis does not occlude said vascular system at said second location. 
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183. A method accoi^J^to claim 182, wherein at least one ^Jfeid first and said second 
anastomotic connections is performed such that no portion of an anastomotic connector 
remains in contact with blood in said vascular system. 

5 184. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is a side-to-side anastomosis. 



185. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is a side-to-end anastomosis. 

10 

186. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is an intima-to-intima anastomosis. 

187. A method according to claim 182, wherein at least one of said first and said second 
15 anastomotic connections is an anastomosis between an intima and a inside of a vessel wall. 

188. A method according to claim 182, wherein at least most of a graft comprises all of the 
graft. 

20 189. A method according to claim 182, wherein at least most of a graft comprises all of the 
graft except for a lip thereof. 

190. A method according to claim 189, wherein only an intima of said lip is exposed to 
blood in said vascular system. 

25 

191. A method according to claim 182, wherein expelling at least most of a graft comprises 
expelling all of the graft out of the lumen of said vessel while maintaining a portion of said 
graft in a cross-section of sad vessel wall. 



30 192. A method of performing an anastomosis, comprising: 

trans vascularly providing a graft at a location in a vascular system; 

forming a hole at said location; 

expelling said graft completely out of said hole; and 
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transvasculany performing an independently patent 





itomosis at said location, which 



anastomosis does not occlude said vascular system at said location. 

193. A method according to claim 192, wherein said anastomosis is a side-to-end 
5 anastomosis. 

194. A method according to claim 192, wherein said anastomosis is an end-to-end 
anastomosis. 

10 195. A method according to claim 192, wherein said anastomosis is performed using an 
anastomotic connector and wherein said connector is completely outside a blood flow of said 
vascular system after said anastomosis. 

196. A method according to claim 192, wherein said anastomosis is performed using an 
15 anastomotic connector and wherein said only spike portions of said connector are in contact 

with a blood flow of said vascular system after said anastomosis. 

197. A method according to claim 192, wherein said anastomosis is performed using an 
anastomotic connector and wherein said connector forms said hole. 



198. A method of anastomosis comprising: 

providing an expandable anastomotic device; and 

inflating said device to simultaneously open an anastomotic passage and perform an 
anastomotic connection. 



199. A method of anastomosis attachment comprising: 

inserting an anastomotic device to attach two blood vessels; and 
inflating a balloon in said device if said attachment leaks. 

30 200. A method of punching a hole in a blood vessel, comprising: 

providing a hole puncher to a location in a vascular system, which location has blood 
flowing therethrough; 

transfixing a wall of said vascular system at said location; 



20 
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removing a pqj 




of said wall using said hole pum 



while said hole-puncher 



remains transfixing said wall; and 

transporting a tool across said wall through a lumen of said hole puncher. 



201. A method according to claim 200, wherein said removing comprises partially retracting 
a portion of said hole puncher. 

202. A method according to claim 200, wherein said removing comprises partially 
advancing a portion of said hole puncher. 

203. A method according to claim 200, comprising using said tool to perform an 
anastomosis connection. 

204. A method according to any of claims 200-203, wherein said providing is from inside of 
said vascular system. 

205. A method according to any of claims 200-203, wherein said providing is from outside 
of said vascular system. 

206. A method of everting a graft over an anastomotic connector, comprising: 

sliding said anastomotic connector over said vessel, to a point adjacent an end of the 

vessel; 

expanding a portion of said vessel between said point and said end; and 
everting said expanded portion over of said connector. 

207. A method according to claim 206, wherein said everting and said expanding use a same 
tool. 

208. A method according to claim 206, comprising transfixing said vessel at or about said 
portion with an anastomotic connector. 

209. A method of performing a side to end anastomosis, comprising: 
providing a graft to a location on a side of a blood vessel; 
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forming a 




in said side blood vessel; 



engaging one face of said side of the blood vessel, using an anastomosis connector to 
perform a first portion of the anastomosis; and 

completing the anastomosis by engaging the second face of said side using the 
5 anastomosis connector. 

210. A method according to claim 209, wherein said providing is from inside of said blood 
vessel. 

10 211. A method according to claim 209, wherein said providing is from outside of said blood 
vessel. 

212. A method of performing a bypass procedure, comprising: 



navigating an end of said graft to a second location in said vascular system; 
performing an anastomosis at said second location; and 

thereafter transfixing said graft to said vascular system at said first location, using an 
anastomotic connector. 



213. A method of performing an anastomosis, comprising: 
providing a graft at a location in a vascular system; 
forming a hole at said location; and 

simultaneously expanding said hole and completing an anastomotic connection 
25 between said graft and said vascular system at said location. 

214. A method according to claim 213, wherein said forming and said expanding comprises 
a continuous process. 

30 215. A method according to claim 213, wherein said forming and said expanding comprises 
a discrete-step process. 
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trans vascularly providing a graft at a first location in a vascular system; 
expelling at least most of said graft out of a hole at said first location; 
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ABSTRACT OF THE INVENTION 

An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen, having two ends and comprising an array of 
cells-elements; and 

a tissue engaging portion comprising at least one set of spikes comprising at least one 
spike arranged adjacent one of the two ends of said cylinder-like portion. Preferably, the 
connector comprises at least a second set of spikes adjacent the other of the two ends. 
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example being circular or elliptical. Alternatively, a different convex shaped hole, such as a 
triangle or higher-order polygon may be cut. Alternatively, a concave hole may be cut, for 
example, a circular hole with a sine-wave variation on its circumference. Alternatively or 
additionally, a partial amount of vessel tissue may be removed surrounding the hole, for 
example, so that the hole has a sloping rim at least along some of its circumference. 
Alternatively or additionally, such selective tissue removal is used to weaken the blood vessel 
and/or to prevent tearing and/or to guide stress formed by the anastomosis. 

The above description of a graft application kit is only exemplary and many variations 
will occur to a man of the art, for example, the use of other restraining mechanisms or other 
releasable fixing mechanisms to replace the pin-mechanisms suggested. 

In a preferred embodiment of the invention, the graft application kit is made flexible, 
for use through an endoscope and/or a catheter or made elongated, for use through in key-hole 
surgery. Preferably, the releasing mechanisms are remotely operated, for example using pull 
wires. Alternatively or additionally, the springs are replaced by wires which are connected to 
springs outside the body. 

Figs. 13A-D illustrate a method of separately providing an anastomotic connector 664 
and a graft 38, at an anastomosis site, in accordance with a preferred embodiment of the 
invention. In Fig. 13 A, a graft 38 is shown, which is urged against lips of a hole in aorta 30, by 
endoscope 306, possibly, by an expanded portion 666 thereon. Thereafter, a connector 
provision assembly 656 is advanced along endoscope 306. In a preferred embodiment of the 
invention, assembly 656 comprises an impaler base 660 on which a plurality of impaler tubes 
662 are mounted. In each tube, a spike of connector 664 is provided. Alternatively, each tube 
holds an individual staple. Alternatively, the tubes 662 are replaced by a hollow cylinder, 
inside which connector 664 is maintained in a flattened condition. The staples are coupled to 
an advancer 658. 

In Fig. 13B, the ends of graft 38 are impaled by impaler tubes 662 and advancer 658 is 
advanced relative to impaler base 660, so that the tips of the staple extend, and bend to engage 
the walls of aorta 30. Preferably, the staples are elastic, super-elastic or shape-memory. 

In Fig. 13C, both base 660 and advancer 558 are retracted, so that the other side of the 
staples are decoupled from advancer 558 and also bend, to engage graft 38 and/or aorta 30. 

In an alternative embodiment shown in Fig. 13D, graft 38 is not cut to size prior to 
insertion of the anastomosis device. Preferably, a larger expanded portion 668 is formed in 
endoscope 302, such that tubes 662 are guided by portion 668 to engage graft 68 substantially 



perpendicular thereto. ^J^ionally, graft 38 is at least partially iB^ed by portion 668. Once 
graft 38 is engaged by tubes 662, the rest of graft 38 may be cut off, for example using a cutter 
(not shown). Alternatively or additionally, expanded portion 668 is deflated and tubes 662 and 
graft 38 are advanced into the aorta, as shown in Fig. 13B. Alternatively to an expanded 
5 portion, 668, a balloon or a different framework may be used. 

Figs, 14A-D illustrate a method of cutting a graft to size, during an anastomosis 
process in accordance with a preferred embodiment of the invention. In Fig. 14A> an 
endoscope/guiding catheter 674 is used to form a hole in aorta 30 and place a connector 670 in 
the hole. In Fig. 14B, the attachment of connector 670 to the aorta is completed. Thereafter, 

10 various activities may be performed through the connector, preferably using catheter 674. In 
Fig. 14C, a graft 38 is provided through catheter 674, attached to a far anastomosis and then 
the catheter is retracted. In Fig. 14D, a plurality of spikes 676 in connector 670 extend and 
engage the graft. Preferably, this extension is a result of the release of a constraint of catheter 
674. Alternatively, a balloon or other expandable element (not shown) is expanded in 

15 connector 670. The excess portion of graft 38 is then removed, for example using a cutting 
tool 672 which cuts the graft against the inside of catheter 674. Possibly, one or more of spikes 
676 may fold from outside the connector in, for example as shown by reference number 677. 
Preferably, the graft is urged against the inner surface of catheter 674 by an inner element or a 
balloon, which balloon may also deflect such spikes. 

20 It should be appreciated that imaging devices may be used to track the process of 

anastomosis, including, the location, the quality of the seal and the relative positions of the 
tools, grafts and/or connectors. Such imaging devices may be external to the body, internal to 
the body and/or provided at catheter 34, such as near tip 37. Possible imaging devices include: 
optical sensors, ultrasound sensors, fluoroscopy, open MRI and CT. 

25 In many of the above described embodiments a balloon is suggested when describing 

an inflatable member. It should be appreciated that in many embodiments what is required is a 
framework which can controllably change its configuration, radially or axial, and/or possibly 
to apply force. In some cases, a continuous surface is required, in others, only the relative 
positions of certain points on the balloon are important. Other framework types besides 

30 balloons are known to provide one or more of these properties and may be used in the above 
described preferred embodiments of the invention. In some cases, these frameworks will be 
covered with a flexible covering, to reduce the danger of clotting and/or are removed after use. 

The above description stresses CABG procedures and especially the aorta-to-graft 
anastomosis. However, it should be noted that many other types of blood vessels and/or grafts 
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may be connected using t^miethods described herein. In one exan!^^ instead of connecting 
to the aorta, the anastomosis may originate from the descending aorta, from the LIMA or the 
RJ.MA or from other secondary blood vessels. In particular, in the LIMA, RIMA and other 
vessels which supply areas having a corollary blood supply, the vessel itself may serve as the 
graft which is navigated to the clogged artery. Preferably, the vessel is blocked, for example 
using suturing or an expanding balloon, prior to being severed and navigated. Alternatively, 
the graft is exited from the severed end of the vessel, rather than from its side. In addition, 
although many examples are described regarding the aorta, they are equally applicable to other 
blood vessel. Also, it is noted that some of the above described procedures can be applied to 
the backside of the heart, which is not directly accessible from the chest. 

Alternatively or additionally, blood vessels in other parts of the body may be bypassed, 
for example in the brain. Typically, bypass operations in the brain are not performed for fear of 
damaging sensitive brain structures. In a preferred embodiment of the invention, a graft is 
navigated from a source vessel (such as the external or internal carotid), through cavities 
which exist in the brain, to a clogged vessel, past its occlusion. Possibly, a small part of this 
travel will be through brain tissue. However, only a minimum of brain tissue need to be 
damaged. Alternatively, the travel is through brain tissue which is known to be less important, 
for example, by performing the procedure while the patient is awake and exciting the tissue to 
determine responses from the patient. Preferably, this procedure is performed using real-time 
imaging. Alternatively or additionally, an image guided system, preferably incorporating a 
position sensor at the tip of the graft, is used. Typically, the connectors, grafts and/or insertion 
devices are smaller and/or more flexible when used for brain vascular surgery than for vessels 
in the trunk, such as coronary vessels. 

It should be appreciated that many 'of the structures described herein may also be 
applied to other invasive and/or implantable devices, beyond those used for anastomosis, 
especially such devices which are inflatable, expandable and/or otherwise deployed. However, 
as will be appreciated, that some of the above described structures solve particular problems of 
anastomosis, for example the problems of coordination between several actions, controllability 
and operation across the vessel wall. 

It will be appreciated that the above described methods of vascular surgery may be 
varied in many ways, including, changing the order of steps, which steps are performed inside 
the body and which outside, the order of making the anastomosis connections, the order of 
steps inside each anastomosis, the exact materials used for the anastomotic connectors and/or 
which vessel is a "side" side and which vessel (or graft) is an "end" side of an end-to-side 

89 



anastomosis. In addition 




ultiplicity of various features, both 



# 



ithod and of devices have 



been described. It shouldbe appreciated that different features may be combined in different 
ways. In particular, not all the features shown above in a particular embodiment are necessary 
in every similar preferred embodiment of the invention. Further, combinations of the above 
features are also considered to be within the scope of some preferred embodiments of the 
invention. Also within the scope of the invention are surgical kits which include sets of 
medical devices suitable for making a single or a small number of anastomosis connections. 
When used in the following claims, the terms "comprises", "comprising", "includes", 
"including" or the like means "including but not limited to". 

It will be appreciated by a person skilled in the art that the present invention is not 
limited by what has thus far been described. Rather, the scope of the present invention is 
limited only by the following claims. 
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CLAIMS 



1 . An anastomotic connector for attaching two blood vessels, comprising: 

a cylinder-like portion defining a lumen, having two ends and comprising an array of 
cells-elements; and 

a tissue engaging portion comprising at least one set of spikes cpmprising at least one 
spike arranged adjacent one of the two ends of said cylinder-like portion. 

2. A connector according to claim 1, comprising at least a second set of spikes adjacent 
the other of the two ends. 

3. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder- like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging two blood vessels, said plurality 
comprising at least one spike, 

wherein radial expansion of said cylinder-like portion causes said at least one spike to 
engage tissue. 

4. An anastomotic connector according to claim 3, wherein radial expansion of said 
cylinder-like portion is de-coupled from axial contraction of said cylinder-like portion. 

5. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging two blood vessels, 
wherein radial expansion of said cylinder-like portion is coupled to axial contraction of 
said cylinder- like portion. 

6. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is more than about 1:10. 

7. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:10 and 1:5. 
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8. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:5 and 1:2. 

9. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1 :2 and 1:1. 

10. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 1:1 and 2:1. 

11. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is between than about 2:1 and 4:1. 

12. A connector according to claim 5, wherein at a maximum radial expansion, a ratio 
between axial contraction and radial expansion is less than about 4:1. 

13. A connector according to claim 5, wherein said radial expansion activates at least one 
of said tissue engaging portions. 

14. A connector according to claim 5, wherein at least one of said tissue engaging portions 
comprises at least one spike. 

15. A connector according to claim 3, wherein said cylinder-like portion comprises a 
plurality of cell elements. 

16. A connector according to claim 5, wherein said cylinder-like portion comprises a 
plurality of cell elements. 

17. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
arranged to extend out of said lumen when said tissue engaging portions engage tissue in a 
completed anastomosis. 

18. A connector according to claim 17, wherein said extended spike lies in a plane tangent 
to said cylinder-like portion. 
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19. A connector according to claim 17, wherein said extended spike lies in a plane 
perpendicular to said cylinder-like portion. 

20. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
arranged to extend into said lumen when said tissue engaging portions engage tissue in a 
completed anastomosis. ■> 

21. A connector according to any of claims 2-4 or 14, wherein said device is arranged to 
cantilever said at least one spike into an extended configuration by an expansion of said 
cylinder-like portion. 

22. A connector according to any of claims 2-4 or 14, wherein said device is arranged to 
release said at least one spike to assume an extended configuration by an expansion of said 
cylinder-like portion. * 

23. A connector according to any of claims 2-4 or 14, wherein a portion of said cylinder- 
like portion is arranged to deform into said at least one spike, by an expansion of said cylinder- 
like portion. 

24. A connector according to any of claims 2-4 or 14, wherein said spike is pre-stressed to 
lie outside of an axial profile of said cylinder-like portion. 

25. A connector according to any of claims 2-4 or 14, wherein said spike is coupled to a 
base, and pivotally connected to said cylinder-like portion and wherein said base extends into 
said lumen. 

26. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion 
includes a plurality of weakenings, such that plastically deforming said cylinder-like portion 
will extend said spikes to engage said tissue. 

27. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion 
comprises a bi-stable cell, which cell extends said spike in one state and not in the other one of 
said states. 
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28. A connector according to any of claims 2-4 or 14, wherein said cylinder-like portion is 
arranged to twist, in at least one location thereon, which location is coupled to said at least one 
spike, whereby said twist causes said spike to extend. 

29. A connector according to any of claims 2-4 or 14, wherein said spike comprises a 
protrusion to prevent engaged tissue from slipping off said spike. 

30. A connector according to any of claims 2-4 or 14, wherein said spike comprises a 
protrusion to prevent engaged tissue from slipping along said spike beyond said protrusion. 

31. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 90° when it extends. 

32. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 150° when it extends. 

33. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 1 80° when it extends. 

34. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at least 210° when it extends. 

35. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at one point thereon when it extends. 

36. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend at at least two points thereon when it extends. 

37. A connector according to any of claims 2-4 or 14, wherein said spike is arranged to 
bend in a continuous curve when it extends. 
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:^^ccordin^ to any of claims 2-4 or 14^^e 



38. A connecto^ccording to any of claims 2-4 or 14^Rerein said spike is arranged to 
engages said tissue when it is axially retracted relative to the cylinder-like portion. 

39. A connector according to claim 38, wherein said at least one spike comprises a 
plurality of spikes and wherein each of said spikes is independently retractable. 

40. A connector according to any^of claims 2-4 or 14, wherein said at least one spike 
comprises at least two spikes and wherein said connector comprises at least a second spike and 
wherein said second spike is arranged to bend towards said at least one spike and said at least 
one spike is arranged to bend towards at least a second spike. 

41. A connector according to claim 40, wherein spikes of said at least a second spike are 
arranged in a radially staggered configuration relative to said at least two spikes. 

42. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
associated with an individual flat coil spring. 

43. A connector according to any of claims 2-4 or 14, wherein said at least one spike is 
associated with an axial cell element, which cell element selectively retracts or extends said 
spike. 

44. A connector according to claim 40, wherein spikes of said at least a second spike are 
arranged to be in a same plane as spikes of said at least one spike, when the spikes are in a bent 
configuration. 

45. A device according to any of claims 1-16, wherein said lumen has an elliptical cross- 
section. 

46. A device according to any of claims 1-16, wherein said lumen has a circular cross- 
section. 

47. A device according to any of claims 1-16, wherein said lumen has a polygonal cross- 
section. 
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48. A device according to any of claims 1-16, wherein said lumen has fixed inner diameter. 

49. A device according to any of claims 1-16, wherein said lumen has a varying inner 
diameter. 

50. A device according to claim 49, wherein said inner diameter has an hourglass profile, 
being flared at the ends of the lumen. 

51. A device according to claim 49, wherein said lumen is flared at one end of the lumen. 

52. A device according to any of claims 1-16, wherein a cross-section of said lumen varies 
along said lumen. 

53. A device according to any of claims 1-16, wherein said lumen is matched to a coronary 
vessel. 

54. A device according to claim 53, wherein said matching includes matching a degree of 
obliqueness of the lumen cross-section. 

55. A device according to any of claims 1,2, 15 or 16, wherein at least one of said cell 
elements has parallelogram geometry. 

56. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements has an elliptical geometry. 

57. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises a ratchet for maintaining said cell element in a distorted configuration, 
once such a configuration is achieved. 

58. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is arranged to distort out of a plane of said cell, when that cell is , expanded along a 
certain axis thereof. 
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59. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises an outline geometrical shape. 

60. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements comprises a substantially full geometrical shape. 

61. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is planar. 

62. A device according to any of claims 1, 2, 15 or 16, wherein at least one of said cell 
elements is not planar. 

63. A device according to any of claims 1, 2, 15 or 16, wherein said cells are arranged as 
bands on at least a portion of said cylinder-like portion, each of said bands comprising 
substantially a single type of parallelogram. 

64. A device according to claim 63, wherein said bands are axial bands. 

65. A device according to claim 63, wherein said bands are circumferential bands. 

66. A device according to any of claims 1,2, 15 or 16, wherein substantially all of said 
cylinder-like portions is composed of cell-elements. 

67. A device according to any of claims 1, 2, 15 or 16, wherein said cell elements meet at 
junctions and comprising at least one substantially rigid strut interconnecting at least two 
junctions. 

68. A device according to any of claims 1, 2, 15 or 16, wherein said cell elements meet at 
junctions and comprising at least one substantially flexible wire interconnecting at least two 
junctions. 
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69. A device accor :o any of claims 1, 2, 15 or 16, whe^P&aid cylinder-like portion 
comprises several cell types and wherein said cell types are uniformly distributed on said 
cylinder-like portion. 

70. A device according to any of claims 1, 2, 15 or 16, wherein said cylinder-like portion 
comprises several cell types and wherein said cell types are non-uniformly distributed on said 
cylinder-like portion. 

71. A device according to claim 70, wherein said distribution is symmetric. 

72. A device according to claim 70, wherein said distribution is asymmetric. 

73. A device according to any of claims 1-16, comprising one or more pressure protrusions 
on said cylinder-like portion, wherein said one or more pressure protrusions are arranged to 
increase a contact pressure between said two blood vessel when said device is deployed. 

74. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which is plastically deformable at a force which does not deform other parts of 
said portion. 

75. A device according to claim 74, wherein at least one of said other parts reacts 
elastically at said force. 

76. A device according to claim 74, wherein said part includes weakenings which guide the 
plastic distortion of said part. 

77. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which is super-elastic. 

78. A device according to any of claims 1-16, wherein said cylinder-like portion comprises 
at least one part which comprises a temperature-triggered shape-memory material. 
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79. A device c^^ding to any of claims 1-16, wherein s ylinder-like portion comprises 
at least one part which comprises a temperature-responsive bi-material composite, which 
changes its geometry under the effect of small temperature changes. 

80. A device according to any of claims 1-16, wherein at least one of tissue engagers 
comprises at least one part which is plastically deformable at a force which does not deform 
other parts of said tissue engagers. 

81. A device according to claim 80, wherein at least one of said other parts reacts 
elastically at said force. 

82. A device according to claim 80, wherein said part includes weakenings which guide the 
plastic distortion of said part. 

83. A device according to any of claims 1-16, wherein said at least one of tissue engagers 
comprises at least one part which is super-elastic. 

84. A device according to any of claims 1-16, wherein said at least one of tissue engagers 
comprises at least one part which comprises a temperature-triggered shape-memory material. 

85. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage a side of one of said vessels and an end of another of said vessels, to 
perform a side-to-end anastomosis. 

86. A device according to claim 85, wherein said anastomosis is sealed by radial pressure 
exerted by said cylinder-like portion and wherein said tissue engagers maintain the cylinder- 
like portion in its position. 

87. A device according to claim 85, wherein said tissue engagers maintain the relative 
positions of the two blood vessels. 

88. A device according to claim 85, wherein said tissue-engaging portions are arranged on 
said cylinder-like portion such that when the anastomosis is complete, the cylinder like portion 
is at a certain angle perpendicular to the "side" vessel. 
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89. A device according to claim 85, wherein said certain angle is between about 70° and 
about 90°. 

90., A device according to claim 85, wherein said certain angle is between about 50° and 
about 70°. 

91. A device according to claim 85, wherein said certain angle is less than about 50°. 

92. A device according to claim 85, wherein a cross-section of said lumen is matched to 
said certain angle. 

93. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage an end of one of said vessels and an end of another of said vessels, to 
perform an end-to-end anastomosis. 

94. A device according to claim 93, wherein said connector is adapted to be implanted 
outside of a vascular system. 

95. A device according to any of claims 1-16, wherein said anastomotic connector is 
adapted to engage a side of one of said vessels and a side of another of said vessels, to perform 
a side-to-side anastomosis. 

96. A device according to claim 95, wherein said connector is adapted to be implanted 
outside of a vascular system. 

97. A device according to any of claims 1-16, wherein said device is composed, at least in 
part, of a bio-absorbable material. 

98. A device according to claim 97, wherein said cylinder-like portion is composed wholly 
of a bio-absorbable material. 
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icWrdmg to claim 97, wherein at least onel^Pa: 



99. A device according to claim 97, wherein at least one^|Paid tissue engaging portions is 
composed wholly of a bio-absorbable material. 

100. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
5 is adapted to engage an everted graft. 

101. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
is adapted to engage a non-everted graft. 

10 102. A device according to any of claims 1-16, wherein at least one of said tissue engagers 
is adapted to both an everted and a non-everted graft. 

103. A device according to any of claims 1-16, wherein all of said tissue engagers are 
adapted to engage said blood vessels inside a body. 

15 

104. A device according to any of claims 1-16, wherein said cylinder-like portion hzs ra 
axial dimension of about 0.5 millimeters. 

105. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
20 axial dimension of between about 0.5 millimeters and 2 millimeters. 

106. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
axial dimension of between about 2 millimeters and 5 millimeters. 

25 107. A device according to any of claims 1-16, wherein said cylinder-like portion has an 
axial dimension of between about 5 millimeters and 8 millimeters. 

108. A device according to any of claims 1-16, wherein said cylinder-like portion has a ratio 
of about 1 : 1 between its axial dimension and its diameter. 



109. A device according to any of claims 1-16, wherein said cylinder-like portion has a ratio 
of between about 1:1 and about 1:2 between its axial dimension and its diameter. 
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110. A device accorcB|Ro any of claims 1-16, wherein said cyMTer-like portion has a ratio 
of between about 1:2 about 1:4 between its axial dimension and its diameter. 

111. A device according to any of claims 1-16, wherein said cylinder-like portion has a ratio 
of between about 1:4 about 1:8 between its axial dimension and its diameter. 

112. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of less than about 1.5. 

113. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of between 2 and 4. 

114. A device according to any of claims 1-16, wherein said cylinder-like portion is 
arranged to expand radially by a factor of between 4 and 8. 

115. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the blood vessels, said plurality 
comprising at least two spikes, 

wherein said two spikes extend differently to engage said tissue. 

116. A connector according to claim 1 1 5, wherein said spikes bend differently. 

117. A connector according to claim 115, wherein said spikes engage the same blood vessel. 

118. A connector according to claim 115, wherein said spikes engage different blood 
vessels. 

119. A connector according to claim 115, wherein said two spikes are arranged to extend 
simultaneously. 

120. A connector according to claim 115, wherein said two spikes are arranged to extend 
sequentially. 
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121. A connector according to claim 115, wherein said two spikes are arranged to extend 
semi-sequentially, such that there is an overlap between their motion. 

122. A connector according to claim 115, wherein said two spikes are extended by a same 
distortion of said cylinder-like portion. 

123. A connector according to claim 115, wherein the extension of at least one of said 
spikes is decoupled from distortion of said cylinder-like portion. 

124. A connector according to claim 115, wherein said two spikes are extended by different 
degrees of radial expansion of said cylinder-like portion. 

125. A connector according to claim 115, wherein said extension comprises impaling a 
portion of a blood vessel. 

126. A connector according to claim 115, wherein said extension comprises transfixing a 
portion of a blood vessel. 

127. A connector according to claim 115, wherein said extension comprises pinching a 
portion of a blood vessel. 

128. An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the two blood vessels, 
wherein said connector has at least two configurations, a first configuration in which 
said tissue engaging portions are at a first extension state and a second configuration wherein 
said tissue engaging portions are at a second extension state, wherein said connector exhibits a 
bi-modal behavior in changing from said first configuration to said second configuration. 

129. A connector according to claim 128, wherein said configuration change is effected by 
expanding said cylinder-like portion. 
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130. A connector acco^g to claim 128, wherein said configuftn change comprises the 
extension of a plurality spikes. 

131. A connector according to claim 128, comprising at least one bi-stable element that 
controls said configuration change. 

132. A connector according to claim 128, comprising at least one restraining element that 
controls said configuration change. 

0 133. An anastomotic connector for attaching two blood vessel, comprising: 
a cylinder-like portion defining a lumen; and 

a plurality of tissue engaging portions for engaging the two blood vessels, 
wherein said connector has at least two configurations, a first configuration in which 
said tissue engaging portions form a vessel piercing tip and a second configuration whereiu 
5 said tissue engaging portions are operative to engage tissue. 

134. A connector according to claim 133, wherein said plurality of tissue engaging portions 
comprise at least one spike. 

20 135. A connector according to claim 133, wherein said plurality of tissue engaging portions 
are arranged at one end of said cylinder-like portions and comprising a second plurality of 
tissue engaging portions adjacent the other end of said cylinder-like portion. 



136. An implantable device comprising: 

25 a first portion designed to come in contact with blood; and 

a second portion designed not to come in contact with blood, 

wherein said second portion is coated with a coagulation-promoting material. 

137. A device according to claim 1 36, wherein said device is an anastomosis connector. 

30 

138. A device according to claim 136, wherein said device is a vascular device for sealing a 
hole in a blood vessel. 
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139. A device according to any of claims 136-138, whereiWfd first portion is coated with 
a coagulation-retarding material. 

1 40. A graft kit, comprising: 

a sterility-maintaining packaging; and 

a graft having at least two ends and having a side-to-end anastomotic connector 
attached to at least one of said two ends, wherein said anastomotic connector includes spikes 
for engaging a blood vessel. 

3 141 . A kit according to claim 140, comprising a restrainer for maintaining said spikes in an 
unengaged configuration. 

142. A graft comprising: 

a tubular body having at least one intersection, such that said body has at least three 

5 ends; and 

at least two end-to-side anastomotic connectors attached to at least two of said threa 

ends. 

1 43 . A hole puncher, adapted for punching a hole in a blood vessel, comprising: 
20 an outer tube having distal portion, which distal portion has a lip; 

a punch element having a sharp tip and defining a depression distal from the tip, 
wherein said depression is of a size adapted to receive a blood vessel, 

wherein said distal portion of said outer tube has an outer diameter which is 
substantially the same as an outer diameter of said punch element and wherein said punch 
25 element fits snugly in said distal portion such that said lip can sever blood vessel tissue 
contained in said depression from tissue outside said depression. 

144. A hole puncher according to claim 143, wherein said depression is distanced from said 
tip so that said distance is at least the thickness of the blood vessel. 
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145. A puncher according to claim 143, wherein said puncher is flexible enough to be 
provided through a blood vessel in which a hole is to be punched. 
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146. A puncher accorc 



to claim 143, comprising a handle. 




147. A puncher according to claim 146, comprising means for advancing said outer tube 
relative to said handle and relative to said punch element. 



148. A puncher according to claim 146, comprising means for retracting said punch element 
relative to said handle and relative to said outer tube. 

149. A puncher according to any of claims 143-148, comprising means for advancing a graft 
10 into said hole formed by said punch. 

150. A puncher according to any of claims 143-148, comprising a valve for preventing 
blood from leaking out of said outer tube once said punch element is removed. 

15 151. A puncher according to any of claims 143-148, wherein said distal end comprises a 
stop for preventing entry of said distal end into said hole beyond said stop. 

152. A puncher according to claim 151, wherein said stop is at an oblique angle relative to a 
main axis of said distal end, to guide said hole puncher to form an oblique punch. 

20 

153. A puncher according to any of claims 143-148, comprising a stop for prevention 
advance of said punch element relative to said distal end, beyond a pre-defmed distance. 

154. A puncher according to any of claims 143-148, wherein said punch element is radially 
25 expandable from a first, small diameter to a second, working diameter. 

155. A puncher according to any of claims 143-148, wherein said distal end is radially 
expandable from a first, small diameter to a second, working diameter. 

30 156. A puncher according to any of claims 143-148, wherein said depression in said punch 
element is at an oblique angle relative to a main axis of said punch element, whereby an 
oblique hole is punched thereby. 
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157. A puncher according to any of claims 143-148, wherSKaid hp of said outer tube is at 
an oblique angle relative to a main axis of said outer tube, whereby an oblique hole is punched 
thereby. 

158. A puncher according to any of claims 143-148, wherein said hole puncher is arranged 
to punch an oblong hole. 

159. Apparatus for everting a vessel over an anastomotic connector, comprising: 
a vessel holder for holding said vessel; and 

an expander, adapted to engage said vessel, at least at an end of said expander, which 
expander expands from a diameter of less than a diameter of said vessel to a diameter greater 
than that of said vessel and wherein in said expanded diameter, said at least said portion can 
enclose at least a portion of said vessel holder 

160. Apparatus according to claim 159, comprising means for selectively moving said 
expander relative to said vessel, such that said engaged portion overlaps said vessel holder. 

161. Apparatus according to claim 159, comprising a holder for an anastomotic connector. 

162. Apparatus according to claim 161, comprising a retainer for maintaining said 
anastomotic connector in a desired configuration during at least a portion of said eversion. 

163. Apparatus according to claim 159, wherein said apparatus is separable into two pieces. 

164. Apparatus according to claim 159, comprising a guide for maintaining coaxiallity 
between said vessel holder and said expander. 

165. Apparatus according to claim 164, wherein said guide comprises an intra-lumen vessel 
engager for engaging said vessel. 

166. A tip mechanism for forming a hole in a blood vessel, from inside the blood vessel, 
comprising: 

a wire portion; 
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a tip coupled to ' vire portion; and 

a motor coupled to said tip and adjacent to said tip. 

167. A mechanism according to claim 166, wherein said wire is at least 10 cm long. 

168. A mechanism according to claim 166, wherein said tip is a sharp tip. 

169. A mechanism according to claim 166, wherein said motor is a piezoelectric motor. 

170. A mechanism according to claim 166, wherein said motor is a magneto-strictive motor. 

171. A mechanism according to claim 166, wherein said motor moves said tip in a rotational 
motion around a main axis of said wire. 

172. A mechanism according to claim 166, wherein said motor moves said tip in an axial 
motion along a main axis of said wire. 

173. A mechanism according to any of claims 166-172, wherein said tip is smooth. 

174. A mechanism according to any of claims 166-172, wherein said tip includes 
protrusions for engaging soft tissue. 

175. A mechanism according to any of claims 166-172, wherein said tip has a geometry 
matched to a geometry of said motor, such that an amplitude of motion of said tip is at least 
twice the amplitude of said motor. 

176. A patch for sealing a hole in a blood vessel, comprising: 

a body which can be selectively collapsed or expanded, such that the patch fits inside 
an catheter having a diameter suitable for travel in said blood vessel; 
a plurality of tissue engaging elements on said patch; and 
a seal, 

wherein, when said device is expanded, placed over the hole and the tissue engaging 
elements engage said vessel, said seal seals said hole. 
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177. A framework for an endoscopic procedure, comprising: 

a body which can be selectively collapsed or expanded, such that it fits through a tube 
used to access a surgical area; 

fixation members for attaching said body to tissue at said surgical area; and 

guidance members for guiding one or more tools at said area to perform said 
endoscopic procedure, 

wherein said body is operative not to be rigidly coupled to said tube while in a surgical 

area. 

178. A framework according to claim 177, wherein said framework has a plurality of stable 
configurations and wherein said stable configurations are matched to a particular endoscopic 
procedure. 

179. A framework according to claim 178, wherein said configurations are achieved by 
selectively inflating at least one balloon coupled to said framework. 

180. A framework according to claim 177, comprising a safety line for attaching said 
framework to a tool which exits said body. 

181. A framework according to claim 177, wherein said body is unattached to said tube. 

182. A method of performing a bypass, comprising: 

transvascularly providing a graft at a first location in a vascular system; 

forming a hole at said location; 

expelling at least most of said graft out of said hole; 

navigating said graft adjacent a second hole in said vascular system; 

forming a hole at said second location; 

percutaneously performing a first independently patent anastomosis at said first 
location, which anastomosis does not occlude said vascular system at said first location; ?.nd 

percutaneously performing a second independently patent anastomosis at said second 
location, which anastomosis does not occlude said vascular system at said second location. 
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183. A method accordflfe claim 182, wherein at least one of^fc first and said second 
anastomotic connections is performed such that no portion of an anastomotic connector 
remains in contact with blood in said vascular system. 

184. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is a side-to-side anastomosis. 

185. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is a side-to-end anastomosis. 

186. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is an intima-to-intima anastomosis. 

187. A method according to claim 182, wherein at least one of said first and said second 
anastomotic connections is an anastomosis between an intima and a inside of a vessel wall. 

188. A method according to claim 1 82, wherein at least most of a graft comprises all of the 
graft. 

1 89. A method according to claim 1 82, wherein at least most of a graft comprises all of the 
graft except for a lip thereof. 

190. A method according to claim 189, wherein only an intima of said lip is exposed to 
blood in said vascular system. 

191. A method according to claim 1 82, wherein expelling at least most of a graft comprises 
expelling all of the graft out of the lumen of said vessel while maintaining a portion of said 
graft in a cross-section of sad vessel wall. 

192. A method of performing an anastomosis, comprising: 
transvascularly providing a graft at a location in a vascular system; 
forming a hole at said location; 

expelling said graft completely out of said hole; and 
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transvascula^^erforming an independently patent afllmosis at said location, which 
anastomosis does not occlude said vascular system at said location. 

193. A method according to claim 192, wherein said anastomosis is a side-to-end 
anastomosis. 

194. A method according to claim 192, wherein said anastomosis is an end-to-end 
anastomosis. 

195. A method according to claim 192, wherein said anastomosis is performed using an 
anastomotic connector and wherein said connector is completely outside a blood flow of said 
vascular system after said anastomosis. 

196. A method according to claim 192, wherein said anastomosis is performed using an 
anastomotic connector and wherein said only spike portions of said connector are in contact 
with a blood flow of said vascular system after said anastomosis. 

197. A method according to claim 192, wherein said anastomosis is performed using an 
anastomotic connector and wherein said connector forms said hole. 

198. A method of anastomosis comprising: 
providing an expandable anastomotic device; and 

inflating said device to simultaneously open an anastomotic passage and perform an 
anastomotic connection. 

199. A method of anastomosis attachment comprising: 

inserting an anastomotic device to attach two blood vessels; and 
inflating a balloon in said device if said attachment leaks. 

200. A method of punching a hole in a blood vessel, comprising: 

providing a hole puncher to a location in a vascular system, which location has blood 
flowing therethrough; 

transfixing a wall of said vascular system at said location; 
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removing a pod(|of said wall using said hole punch^fcvhile said hole-puncher 
remains transfixing said wall; and 

transporting a tool across said wall through a lumen of said hole puncher. 

201 . A method according to claim 200, wherein said removing comprises partially retracting 
a portion of said hole puncher. 

202. A method according to claim 200 5 wherein said removing comprises partially 
advancing a portion of said hole puncher. 

203. A method according to claim 200, comprising using said tool to perform an 
anastomosis connection. 

204. A method according to any of claims 200-203, wherein said providing is from inside of 
said vascular system. 

205. A method according to any of claims 200-203, wherein said providing is from outside 
of said vascular system. 

206. A method of everting a graft over an anastomotic connector, comprising: 

sliding said anastomotic connector over said vessel, to a point adjacent an end of the 

vessel; 

expanding a portion of said vessel between said point and said end; and 
everting said expanded portion over of said connector. 

207. A method according to claim 206, wherein said everting and said expanding use a same 
tool. 

208. A method according to claim 206, comprising transfixing said vessel at or about said 
portion with an anastomotic connector. 

209. A method of performing a side to end anastomosis, comprising: 
providing a graft to a location on a side of a blood vessel; 
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forming a Mre in said side blood vessel; 

engaging one face of said side of the blood vessel, using an anastomosis connector to 
perform a first portion of the anastomosis; and 

completing the anastomosis by engaging the second face of said side using ihe 
5 anastomosis connector. 

210. A method according to claim 209, wherein said providing is from inside of said blood 
vessel. 

10 211. A method according to claim 209, wherein said providing is from outside of said blood 
vessel. 

212. A method of performing a bypass procedure, comprising: 

trans vascularly providing a graft at a first location in a vascular system; 
15 expelling at least most of said graft out of a hole at said first location; 

navigating an end of said graft to a second location in said vascular system; 
performing an anastomosis at said second location; and 

thereafter transfixing said graft to said vascular system at said first location, using an 
anastomotic connector. 

20 

213. A method of performing an anastomosis, comprising: 
providing a graft at a location in a vascular system; 
forming a hole at said location; and 

simultaneously expanding said hole and completing an anastomotic connection 
25 between said graft and said vascular system at said location. 

214. A method according to claim 213, wherein said forming and said expanding comprises 
a continuous process. 

30 215. A method according to claim 213, wherein said forming and said expanding comprises 
a discrete-step process. 
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ABSTRACT OF THE INVENTION 

An anastomotic connector for attaching two blood vessels, comprising: 
a cylinder-like portion defining a lumen, having two ends and comprising an array of 
5 cells-elements; and 

a tissue engaging portion comprising at least one set of spikes comprising at least one 
spike arranged adjacent one of the two ends of said cylinder-like portion. Preferably, the 
connector comprises at least a second set of spikes adjacent the other of the two ends. 
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